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AMERICAN SMELTING & REFINING COMPANY 
Tucson Arizona 

April 2, 1971 

Mr. J. J. Collins 
New York Office 

Ref lect ion Seismic Test 
Sacaton Deposit - Pinal County, 
Arizona 

Dear Sir: 

Enclosed is a proposal from Mr. J. W. Cooksley, Jr., to test the reflection 
seismic method at Sacaton. Mr. Cooksley has done extensive reflection work 
for Continental Copper on the Margaret Claim Group at our Superior East Pro- 
ject area. The results of that work have been made available to us by 
Continental Copper. Mr. Cooksley has, based on the results of several re- 
flection traverses, prepared a contour map of the pre-mineral bedrock surface 
over a large portion of the Margaret Claim Group. We cannot evaluate the 
validity of his interpretation due to the absence of drill hole penetrations 
of the post-mineral sequence in this area. 

As you probably know, both gravTty work and refraction seismic work at 
Sacaton provided erroneous interpretations of bedrock depths. These two 
geophysical methods were inapplicable at Sacaton because the density and 
seismic velocity of the post-mineral conglomerates are very nearly as high 
as the older pre-mineral rocks. To be applicable in this enviornment~ the 
refraction method would require shot to geophone separations of perhaps 
several miles. Separations of this magnitude would transect so many lateral 
velocity contrasts that ambiguities would be prohibitive. In contrast, the 
reflection method should be applicable for relatively small velocity contrast 
interfaces. Sacaton constitutes a good test area to evaluate reflection 
results because of the control provided by numerous drill holes. 

Mr. C. K. Moss is in favor of conducting this test and would like to be 
present as an observer. 

The cost of the test work will be $I,000., plus mobilization of approximately 
$I00.. This is to request approval for Mr. Cooksley to conduct a reflection 
seismic test at Sacaton. 

Very t r u l y  y~Jrs, 

W. E. S~egart 

WES:van 

C C :  WLKurtz 

CKMoss 



J. W. COOKSLEY, JR. 

B C ] X  ! G D 2  

APPLIED EARTH SCIENCES 

R E C D I N | 3 ,  C A L I F .  9 6 C ] C  1 

A R E A  C Q D E  9 1 6 - -  2 4 1 - 3 1 6 7  

M a r c h  16, 1971 

Mr.  W .  E. S a e g a r t ,  S u p e r v i s o r  
S o u t h w e s t e r n  E x p l o r a t i o n  D i v i s i o n  
A m e r i c a n  S m e l t i n g  & R e f i n i n g  C o .  
P .  O.  Box 5747 
T u c s o n ,  A r i z o n a  85703  

4Pt  
1 I971 

R e f e r e n c e :  P r o p o s a l  to  c o n d u c t  r e f l e c t i o n  s e i s m i c  g e o p h y s i c a l  w o r k  
n e a r  C a s a  G r a n d e ,  A r i z o n a .  

This letter constitutes a proposal to conduct reflection seismic geophysic- 
al exploration, conslsting of a feasibility-type of program at the subject 
site. This work will be directed toward delineating the top of premineral 
rocks, measurlng the depth of the discontinuity which separates these 
rocks from the overlying younger conglomerate unit. Velocity analysis 
will be performed on the reflection records using a technique which em- 
ployes the use of a digital computer. A velocity log will be derived from 
this data. 

W e  i n t e n d  to  u s e  a d e t e c t o r  s p r e a d  e m p l o y i n g  24 s e i s m i c  d e t e c t o r s  s p a c e d  
50 m e t e r s  a p a r t  a l o n g  a s t r a i g h t  l i n e .  The  l e n g t h  of  t h i s  l i n e  w o u l d  be  
a b o u t  3 , 8 0 0  f e e t .  The  c o s t  of  t h i s  w o r k  w o u l d  be  $ 1 , 0 0 0 . 0 0  p l u s  5 0 ¢ / m i  
m o b i l i z a t i o n  from T u c s o n  to  t h e  s i t e  a n d  b a c k .  W e  i n t e n d  to  u s e  t w o  
v e h i c l e s  on  t h i s  p r o j e c t .  The  c r e w  w i l l  c o n s i s t  of  t h r e e  m e n ,  o n e  of  
w h i o h  w o u l d  be  a g e o p h y s i c i s t .  

This office would supply the men and equipment for the seismic operations. 

This office would be responsible for writing a report of investigation cover- 
ing the proposed seismic investigation. Included in this report would be 
a location map and a seismic section drawn in the plane of the traverse. 

%Ve appreciate being considered for this assignment. 

Respectfully submitted, 

I. W. Cooksley, Jr. 

S 

F 
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AMERICAN SMELTING AND REFINING COMPANY 

Tucson Arizona 

April 12, 1971 

Y 

TO: 

FROM: 

W. E. Saegart 

d. D. Sell 

Re : REFLECTION SEISMIC SURVEY 
MARGARET CLAIMS 
SUPERIOR EAST PROJECT 
PINAL COUNTY, ARIZONA 

In talking with John Roscoe concerning the core from their drill hole 
M-l, it was also noted that their reflection seismic survey results were 
also ava'lable. Copy No. 3 of Cooksley's report and one folio set of 
sections were secured. Xerox copies have been made for the files and 
extra copy. Also included in the drill log for M-]. As reported in 
J. R. King's memo of March 5, 1971, Asarco interprets the core from 
M-I to be andesitic basalt and probably low in the sequence of early 
volcanics. G. S. Barnett relogged all the M-I cuttings and confirms 
that all units encountered in M-l belong to the post-mineral sequence. 

The folio sections for the seismic work are on file in the drafting 
department° 

. .S ~ J a m e s  D. S e l l  

JDS : sh 

cc: WLKurtz w/ report by J.W.Cooksley, Jr. 

• Jr 
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REFLECTtOi,[ SEISMIC SURVEY 

CONDUCt 'ED ON THE MARGARET CLAIMS 

LOC_.,'T.~:EK) b.[{'.:OgT FOUR MILES NORTHEAST 

OF SUPERIOR, ARIZONA 

k _ J  

Prepared  by: 

W. C o o k s l e y ,  Jr. 
G e o p h y s i c i s t  

June ,  1970 

C o p y  N o  . . . . . .  
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REFLECTION SEISMIC SURVEY 

C O N D U C T E D  ON THE MARGARET CLAIMS 

LOCATED ABOUT FOUR MILES NORTHEAST OF SUPERIOR, ARIZONA 

I N T R O D U C T I O N  

The  p u r p o s e  of  t h i s  s e i s m i c  s u r v e y  w a s  to  p r o v i d e  s u b s u r f a c e  d a t a  
in  a n  a r e a  c o v e r e d  b y  a r a t h e r  t h i c k  s e c t i o n  of d a c i t i c  v o l c a n i c s  s i t u a t e d  
b e t w e e n  S u p e r i o r ,  A r i z o n a  to  t h e  s o u t h w e s t ,  a n d  M i a m i ,  A r i z o n a  to  t h e  
n o r t h e a s t .  T h i s  p r o g r a m  w a s  d i r e c t e d  p r i m a r i l y  t o w a r d  f i n d i n g  t h e  c o n t a c t  
o f  t h e  d a c i t i c  v o l c a n i c  s e c t i o n  or t h e  W h i t e t a i l  c o n g l o m e r a t e  w h i c h  a r e  of  
T e r t i a r y  a g e  w i t h  u n d e r l y i n g  i g n e o u s ,  m e t a m o r p h i c  a n d  s e d i m e n t a r y  u n i t s ,  
w h i c h  r a n g e  in a g e  f rom e a r l y  T e r t i a r y  (?)  t o  P r e c a m b r i a n .  H e r e a f t e r  in  
t h i s  p a p e r ,  t h e  T e r t i a r y  v o l c a n i c  s e c t i o n  a n d  t h e  W h i t e t a i l  c o n g l o m e r a t e  
w i l l  b e  r e f e r r e d  to  a s  " s u p e r j a c e n t  u n i t s " .  B e c a u s e  t h e  i g n e o u s ,  m e t a -  
m o r p h i c  a n d  s e d i m e n t a r y  u n i t s  a r e  t h e  h o s t  r o c k s  for  t h e  ore  d e p o s i t s  a t  
S u p e r i o r  a n d  M i a m i ,  s o m e  e f f o r t  w a s  a l s o  d i r e c t e d  t o w a r d  d e l i n e a t i n g  c o n -  
t a c t s  a n d  s t r u c t u r e  in  t h e  r o c k s  u n d e r l y i n g  t h e  s u p e r j a c e n t  u n i t s .  

At t h e  M a r g a r e t  C l a i m s ,  d r i l l i n g  d a t a  f rom f i v e  b o r i n g s  i n d i c a t e  
t h a t  t h e  d e p t h  of  t h e  p r e - m i n e r a l  u n i t s  r a n g e s  from 1 , 5 0 0  f e e t  to  in  e x c e s s  
of 4 , 0 0 0  f e e t .  O n l y  o n e  of  t h e  f i v e  b o r i n g s  p e n e t r a t e d  t h r o u g h  t h e  s u p e r -  
j a c e n t  u n i t s  a n d  e n c o u n t e r e d  p o t e n t i a l  h o s t  r o o k s  for  m i n e r a l i z a t i o n .  H e n c e ,  
t h e  p r i m a r y  o b j e c t i v e  of  t h e  s e i s m i c  e x p l o r a t i o n  p r o g r a m  w a s  to  p r o v i d e  d a t a  
on  w h i c h  to  b a s e  t h e  m a p p i n g  of  t h e  t o p  of t h e  p o t e n t i a l  h o s t  r o c k s .  

M u c h  h a s  b e e n  w r i t t e n  a b o u t  p r e v i o u s  e x p l o r a t i o n ,  m i n i n g  a c t i v i t i e s ,  
g e o l o g y  a n d  o re  d e p o s i t s  in  t i le S u p e r i o r  a n d  t h e  G l o b e - M i a m i  m~ning d i s -  
t r i c t s .  The  r e a d e r  i s  r e f e r r e d  to  " w o r k s  by  P e t e r s o n  (1962) ,  H a m m e r  a n d  
P e t e r s o n  ( 1 9 6 8 ) ,  R a n s o m e  (1903 & 1914) ,  to  m e n t i o n  o n l y  a few of  t h e  r e l e -  
v e n t  p u b l i s h e d  w o r k s ,  to  o b t a i n  a m o r e  d e t a i l e d  d e s c r i p t i o . ~  of  t h e s e  s u b j e c t s .  
T h i s  r e p o r t ,  b e i n g  p r i m a r i l y  a d e s c r i p t i o n  of t h e  f i n d i n g s  of t he  r e f l e c t i o n  
s e i s m i c  p r o g r a m ,  w i l l  t r e a t  o n l y  t h o s e  i t e m s  w h i c h  a r e  m o s t  o b v i o u s l y  a n d  
d i r e c t l y  r e l a t e d  to  s e i s m i c  i n t e r p r e t a t i o n s  a n d  o b j e c t i v e s  of t h e  s e i s m i c  w o r k .  

A 2 4 - c h a n n e ! ,  SIE P - 1 t ,  r e f l e c t i o n  s e J s m i c  s y s t e m  w a s  u s e d  to  
r e c o r d  t h e  s e i s m l c  d a t a .  A p p r o x i m a t e l y  1 4 , 8 5 0  m e t e r s  ( 5 0 , 0 0 0  f ee t )  of  
t r a v e r s e  l i n e  w a s  e x e c u t e d  in t h i s  p r o j e c t ,  a n d  the  s e i s m i c  r e c o r d s  w e r e  
s e n t  t o  a c o m p u t i n g  s e r v i c e  to  u n d e r g o  s o m e  b a s i c  d a t a  e n h a n c i n g .  

A c k n o w l e d : ] e m e n t  i s  h e r e b y  g i v e n  to  Mr .  John  R o s c o e ,  M a n a g e r ,  
C o n t i n e n t a l  C o p p e r ,  I n c . ,  for  h i s  c o o p e r a t i o n  and  h e l p  in  the  c o o r d i n a t i o n  
of  t h e  f i e l d  e f f o r t  and  in t he  c o m m i l a t i o n  of t h i s  r e p o r t .  A c k n o w l e d g e m e n t  
i s  a l s o  g i v e n  to  Mr .  Ray L a r k i n  a n d  to Mr .  Bill  M e t z  for  t h e i r  h e l p  in t he  
f i e l d  s e i s m i c  o p e r a t i o n s .  



GEOLOGIC SETTING 

S e q u e n c e  of Rocks  

D a c i t e  v o l c a n i c  s e c t i o n .  The p r o m i n e n t  r o c k  t y p e  in t h i s  s e c t i o n  
a p p e a r s  to  be  d a c i t i c  t u f f .  V i t r o p h y r e  is  k n o w n  to  be  t o c a l ] y  p r e s e n t  and  
b a s a l t  and  a n d e s i t e  h a v e  b e e n  o b s e r v e d  in t he  l o w e r  p o r t i o n s  of t he  s e c -  
t i o n .  In the  n o r t h w e s t  a r e a  of t h e  M a r g a r e t  C l a i m s ,  an  e a s t - d i p p i n g  
r h y o l i t i c  un i t  i s  e x p o s e d  u n d e r  the  tu f f .  

S e i s m i c a l l y ,  t h e  b e d d i n g  w i t h i n  t h e  v o l c a n i c  s e c t i o n  a p p e a r s  a s  
n e a r  h o r i z o n t a l  r e f l e c t i o n s  a n d  t h e y  e x h i b i t  a good  d e g r e e  of c o n t i n u i t y .  
The  s e i s m i c  v e l o c i t y  m e a s u r e d  w i t h i n  t he  v o l c a n i c s  w a s  a b o u t  6 , 0 0 0  f e e t  
pe r  s e c o n d .  

W h i t e t a i l  c o D / t l o m e r a t e .  Th i s  u n i t ,  w h i c h  c o m m o n l y  h a s  a s a n d y  
a n d  t u f f a c e o u s  m a t r i x ,  is  d e r i v e d  m a i n l y  f rom l o c a l  pre  T e r t i a r y  o u t c r o p s  
a n d  m a y  be  l o c a l l y  a b s e n t .  It i s  T e r t i a r y  in a g e ,  u n d e r l i e s  t h e  d a c i t i c  
v o l c a n i c  u n i t ,  a n d  r e s t s  on a T e r t i a r y  u n c o n f o r m i t y  s u r f a c e .  M i n u t e  
a m o u n t s  of n a t i v e  c o p p e r  h a v e  b e e n  obse~wed in d r i l l  c u t t i n g s  f rom th i s  
u n i t .  

S e i s m i c a l l y ,  t h i s  u n i t  ~s n o r m a l l y  e x p r e s s e d  by  r e l a t i v e l y  a t t e n u a t e d  
s e i s m i c  w a v e s ,  w h i c h  a r e  n o r m a l l y  out  of p h a s e  or ,  in s o m e  c a s e s ,  l o c a l -  
l y  d e n o t e  l o w e r  v e l o c i t y .  

I n t r u s i v e  r o c k s .  Th i s  u n i t  i n c l u d e s  the  S c h u l t z e  g r a n i t e  a n d  o t h e r  
r e l a t e d  s i l i c e o u s  i n t r u s i v e  r o c k s  w h i c h  a r e  b e l i e v e d  to h a v e  b e e n  e m p l a c e d  
d u r i n g  L a r a m i d e  t i m e s .  The  m i n e r a l  d e p o s i t s  of t he  S u p e r i o r  a n d  Miami  
D i s t r i c t s  a r e  b e l i e v e d  to  be c ! b s e l y  r e l a t e d  to t h i s  i n t r u s i v e  a c t i v i t y .  T h e s e  
r o c k s  i n t r u d e  P a l e o z o i c  and  P r e c a m b r i a n  s t r a t a  in the  S u o e r i o r  D i s t r i c t ,  and  
t h e y  i n t r u d e  the  P ina t  s c h i s t  of P r e c a m b r i a n  a g e  in t he  M i a m i  D i s t r i c t .  

The  s e i s m i c  r e s p o n s e  of t h i s  u n i t  i s  c h a r a c t e r i z e d  by  a w a v e  w h i c h  
h a s  c o n s i d e r a b l y  g r e a t e r  a m p l i t u d e  t h a n  the  w a v e s  m t h e  o v e r l y i n g  c o n g l o m -  
e r a t e ,  a n d  it  h a s  a l o w e r  f r e q u e n c y  than  the  w a v e s  in the  v o l c a n i c  s e c t i o n .  
S e i s m i c  v e l o c i t i e s  w e r e  no t  m e a s u r e d  in t h i s  u n i t ,  bu t  t h e y  a r e  b e l i e v e d  to  
be  w e l l  ~n e x c e s s  of 1 0 , 0 0 0  f e e t  pe r  s e c o n d  in u n a l t e r e d  r o c k .  

P a l e o z o i c  a n d  P r e c a m b r i a n  s e d i m e n t a r  X u n i t s  and  d i a b a s e  s i l l .  T h e s e  
u n i t s  a r e  e x p o s e d  in the  S u o e r i o r  D i s t r i c t  to  the  w e s t .  The d i a b a s e  of P r e -  
c a m b r i a n  a g e  a n d  t h e  M a r t i n  L i m e s t o n e  of D e v o n i a n  a g e ,  c o n s t i t u t e  t he  main  
h o s t  r o c k s  for  t h e  m l n e r a ! i z a t i o n  a t  the  M a g m a  M i n e .  In t he  S u p e r i o r  
D i s t r i c t ,  t h e s e  u n i t s  g e n e r a l l y  s t r i k e  n o r t h e r l y  and  dtp  to the  e a s t  a t  30 to  
40 d e g r e e s .  A t t i t u d e s  t a k e n  in t h e s e  f o r m a t i o n s  w h e r e  t h e y  c r o u  to the  nor th  
a n d  to  t h e  e a s t  of the  s u b j e c t  a r e a ,  i n d i c a t e  t h e  szrong p o s s i b i l i t v  tha t  t h e  
s t r u c t u r e  is no t  s i m p l e  a n d  t h a t  r e v e r s a l s  in a t t i t u d e  c a n  be e x p e c t e d  at  t h e  
M a r g a r e t  C l a i m s .  

In the seismic sections, it is thought that these units are present 
where numerous strong, parallel to subparallel, rather continuous, reflec- 
tion events predominete. Velocities In these units were not measured. 
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Figure I: 

M a p  of  t h e  S u p e r i o r - M i a m i - G l o b e  a r e a  d e p i c t i n g  t h e  a p p r o x i m a t e  
b o u n d a r y  of  t h e  M a r g a r e t  C l a i m - G r o u p .  A l so  s h o w n  a r e  t h e  n o r t h e a s t -  
t r e n d i n a  m i n e r a l  b e l t  of  t h i s  r e g i o n  a n d  a n d  d~.e a r e a s  w h e r e  t he  h o s t  
r o c k  u n i t s  a r e  c o n c e a l e d  u n d e r  u n i t s  of  T e r t i a r y  a n d  Q u a t e r n a r y  a g e  
( u n h a t c h u r e d  a r e a s ) .  H a t e h i n a  r e o r e s e n t s  a r e a s  of e x p o s e d  h o s t  r o c k  
u n i t s .  The  d a s h - d o t  p a t t e r n  o u t l i n e s  t h e  m i n e r a l  b e l t  a n d  t h e  c i r c l e s  
d e n o t e  m i n e s  w i t h  p r o d u c t i o n s  in e x c e s s  of $ 1 0 0 , 0 0 0 , 0 0 0 . 0 0 .  
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Pine ]  s c h i s t .  T h i s  u n i t  c r o o s  ou t  in t h e  M i a m i  D i s t r i c t  t o  t h e  e a s t .  
I t  i s  i n t r u d e d  by  q u a r t z  m o n z o n i t e  p o r p h y r y ,  a n d  is  t h e  h o s t  r o c k  for  s e v e r a l  
m i n e r a l  d e p o s i t s  in t h i s  a r e a .  T h i s  u n i t  h a s  b e e n  d e s c r i b e d  a s  a q u a r t z  
m u s c o v i t e  s c h i s t  a n d  q u a r t z  m u s c o v i t e  c h l o r i t e  s c h i s t ,  w i t h  i n d i s t i n c t  to  
s t r o n g  f o l i a t i o n .  

S e i s m i c a l l y ,  t h i s  u n i t  i s  d i f f i c u l t  to  d i f f e r e n t i a t e  f rom t h e  i n t r u -  
s i v e  r o c k  w i t h  t h e  m e t h o d s  s o  fa r  e m p l o y e d .  S e i s m i c  v e l o c i t i e s  w e r e  n o t  
m e a s u r e d  in t h i s  u n i t .  

S t r u c t u r e  

It  s e e m s  p r o b a b l e  t h a t  t h e  G l o b e - M i a m i  a n d  t h e  S u p e r i o r  m i n i n g  
d i s t r i c t s  l i e  on  t h e  i n t e r e s t i o n  of  t~^~o b r o a d  s t r u c t u r a l  b e l t s .  One  of  t h e s e  
b e l t s  t r e n d s  in  a n o r t h e a s t e r l y  d i r e c t i o n  a n d  a p p e a r s  to  c o n s t i t u t e  a z o n e  
of  s t r u c t u r a l  w e a k n e s s  t h a t  o r i g i n a t e d  in P r e c a m b r i a n  t i m e .  The  m i n e r a l  
d e p o s i t s  a p p e a r  to  be  r e l a t e d  to  t h i s  s t r u c t u r a l  f e a t u r e .  The  o t h e r  s t r u c -  
t u r a l  b e l t  is  c o m p r i s e d  of  a s e t  of n o r t h -  to  n o r t h w e s t - s t r i k i n g  f a u l t s  w h i c h  
c u t  a n d  o f f s e t  t h e  e a s t - s t r i k i n g  f a u l t s .  T h e s e  f a u l t s  a r e  r a r e l y  m i n e r a l i z e d ,  
b u t  t h e y  a p p e a r  to  c o n s t i t u t e  t h e  m a i n  s t r u c t u r a l  c o n t r o l  a c c o u n t i n g  for  
g r a b e n - t y p e  s t r u c t u r e s  w h i c h  u n d e r l i e  t h e  d a c i t i c  v o l c a n i c  s e c t i o n .  

Ore  I )}~oosi ts  

The n o r t h e a s t w a r d - t r e n d i n g  b e l t  a b o u t  s i x  m i l e s  w i d e ,  w h i c h  e n c o m -  
p a s s e s  t h e  S u p e r i o r  D i s t r i c t  to  t h e  s o u t h w e s t  a n d  t he  G l o b e - M i a m i  Distr ic t_  
t o  t h e  n o r t h e a s t ,  • p a s s e s  t h r o u g h  t h e  s u b j e c t  a r e a .  It  i s  b e l i e v e d  t ha t  t h e  
n o r t h e a s t - s t r i k i n g  f a u l t s  in  t h i s  a r e a  a r e  d e e p l y  r o o t e d  s t r u c t u r e s  a n d  t h a t  
t h e y  p r o v i d e  t h e  p l u m b i n g  s y s t . e m  a l o n g  w h i c h  t he  m i n e r a l i z a t i o n  w a s  
i n t r o d u c e d .  

At S u p e r i o r ,  A r i z o n a ,  t h e  M a g m a  M i n e  h a s  p r o d u c e d  n e a r l y  1 . 5  b i l l i o n  
p o u n d s  of  c o p p e r .  The  m a i n  o r e - p r o d u c i n g  s t r u c t u r e  in t h i s  m i n e  i s  t h e  e a s t -  
t r e n d i n ~  M a g m a  v e i n .  In r e c e n t  y e a r s ,  i t  h a s  p r o d u c e d  a t  a r a t e  of  f rom 30 
to  40 m i l l i o n  p o u n d s  of  c o p p e r  p e r  y e a r  ( H a m m e r ,  D . F .  a n d  P e t e r s o n ,  D . \ ' V . ,  
1 9 6 8 ) .  The  M a g m a  v e i n  s t r i k e s  e a s t ,  a n d  i t  cul:s s e d i m e n t a r y  s t r a t a  of  
P a l e o z o i c  a g e  a n d  i g n e o u s ,  m e t a m o r p h i c ,  a n d  s e d i m e n t a r y  r o c k s  of  P r e c a m -  
b r i a n  a g e .  To t h e  e a s t ,  t h e  v e i n  i s  o f f s e t  to  t h e  n o r t h  by  n o r t h - s t r i k i n g  
f a u l t s .  A l s o  to  t h e  e a s t ,  m a s s i v e  s u l f i d e  r e p l a c e m e n t  i s  p r e s e n t  in  t h e  
M a r t i n  L i m e s t o n e  of D e v o n i a n  a g e .  O t h e r  m i n e r a l i z e d  s t r u c t u r e s  of  l e s s e r  
i m p o r t a n c e  h a v e  b e e n  e x p l o r e d  a n d  w o r k e d  in  t h e  p a s t .  The  p r i n c i p l e  t r e n d  
t o  t h e s e  s t r u c t u r e s  i s  a l s o  e a s t e r l y .  The  s o u t h  s i d e  of t h e  f a u l t ,  a l o n g  
w h i c h  t h e  M a g m a  v e i n  h a s  b e e n  e m p l a c e d ,  h a s  b e e n  o f f s e t  d o w n w a r d  a p p r o x i -  
m a t e l y  400 f e e t  

A c c o r d i n g  to  Pete_<son,  N . P . ,  1962 ,  t h e  t o t a l  p r o d u c t i o n  of  t h i s  d i s -  
t r i c t  h a d  r e c e n t l y  p a s s e d  t h e  b i l l i o n - d o l l a r  m a r k .  H e  f u r t h e r  v,~rites t h a t  
n e a r l y  a l l  d e p o s i t s  of  t h i s  d i s t r i c t  t h a t  a r e  o f  h y p o g e n e  o r i g i n  s h o w  t h e  
s a m e  t r e n d  a s  t h e  g e n e r a l  n o r t h e a s t w a r d - t r e n d i n ~  b e l t .  
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PREVIOUS EXPLOi-IATION 

It i s  u n d e r s t o o d  t h a t  t h e  M a r g a r e t  C l a i m s ,  a n d  in f a c t  t h e  w h o l e  
a r e a  c o v e r e d  b y  t h e  s u p e r j a c e n t  v o l c a m c  a n d  c o n g o l m e r a t e  u n i t s ,  h a s  b e e n  
t h e  s u b j e c t  of  i n t e n s e  e x p l o r a t i o n  on a n u m b e r  of  o c c a s i o n s .  T h i s  i s  a 
f a v o r a b l e  p l a c e  in w h i c h  to  e x p l o r e  for  c o n c e a l e d  m i n e r a l  d e p o s i t s ,  n o t i n g  
t h e  f a c t  t h a t  i t  i s  in t h e  m i d d l e  of a ma]o~ n o r t h e a s t - t r e n d i n g  m i n e r a l  b e l t  
w i t h  l a r g e ,  p r o d u c t i v e  rn~ning d i s t r i c t s  s i t u a t e d  b o t h  to  t h e  e a s t  a n d  t o  t h e  
w e s t .  

S u p e r i o r  D i s t r i c t  

In  1874 ,  s i l v e r  m i n e r a l i z a t i o n  w a s  f o u n d  in t h e  S u p e r i o r  D i s t r i c t .  
S i n c e  t h a t  t i m e ,  t h i s  d i s t r i c t  h a s  b e e n  t h e  o b j e c t  of  v a r y i n 9  d e g r e e s  of  
e x p l o r a t i o n  a c t i v i t y .  At p r e s e n t ,  a 3 0 0 0 + - f o o t  s h a f t  i s  b e i n g  c o n s t r u c t e d  
a t  a s i t e  a p p r o x i m a t e l y  two  m i l e s  e a s t  of t h e  S u p e r i o r  t o w n s i t e  a n d  a b o u t  
1 . 5  m i l e s  w e s t  of  t h e  s o u t h e r n m o s t  M a r g a r e t  C l a i m s .  It m i g h t  be  a s s u m e d  
t h a t  c o n s i d e r a b l e  e x p l o r a t i o n  l e d  to  t h e  j u s t i f i c a t i o n  of t h i s  p r o j e c t .  

G l o b e - M i a m i  D i s t r i c t  

S e v e r a l  e x p l o r a t i o n  p r o g r a m s  h a v e  b e e n  i n i t i a t e d  in t h e  l a s t  t e n  y e a r s  
i n  t h i s  d i s t r i c t .  S o m e  of  t h e  r e s u l t s  h a v e  l e d  to  t h e  o p e n i n g  of  t h e  B l u e b i r d  
a n d  O x h i d e  M i n e s ,  t h e  d e l i n e a t i o n  of  m a j o r  r e s e r v e s  a t  C a s t l e  D o m e ,  a n d  
t h e  a c q u i r i n g  of  l a r g e  t r a c t s  of c l a i m s  by  s e v e r a l  c o m p a n i e s .  W h i l e  e n ~ a g e d  
in  t h e  f i e l d  p h a s e  of  t h i s  p r o j e c t  d u r i n g  t h e  m o n t h s  of  J a n u a r y  a n d  F e b r u a r y ,  
1 9 7 0 ,  a t  l e a s t  t w o  d r i l l i n g  r i g s  w e r e  o b s e r v e d  on t h e  l a r g e  d u m p s  n o r t h  of  
t h e  M i a m i  t o w n s i t e .  T h i s  d i s t r i c t ,  l i k e  t h e  S u p e r i o r  D i s t r i c t ,  h a s  from t i m e  
t o  t i m e  b e e n  t h e  o b j e c t  o f  i n t e n s i v e  e x p l o : - a t i o n  a c t i v i t y .  

The  M a r q a r e t  C l a i m s  

A e r i a l  G e o l o g i c  M a p p i n g  

T h e  m o s t  d e t a i l e d  g e o l o g i c  m a p p i n g  of  t h i s  a r e a  k n o w n  to  the  
w r i t e r  i s  on  a s c a l e  of  1: 2 4 , 0 0 0 .  The  m a i n  f e a t u r e s  s h o w n  on t h i s  m a p  a r e  
s o m e  d i f f e r e n t i a t i o n  of t h e  v o l c a n i c  u n i t s ,  f a u l t s ,  a n d  s o m e  a t t i t u d e s  of  
b e d d i n g  in t h e  v o l c a n i c s .  The  a t t i t u d e s  d e 0 i c [  a b r o a d  s y n c l i n a l  s t r u c t u r e ,  
t h e  a x i a l  p l a i n  of  w h i c h  is  in t h e  v i c i n i t y  of  D e v i l ' s  C a n y o n .  

D r i l l i n g  

S e v e r a l  c o m p a n i e s  h a v e  c o n d u c t e d  d r i l l i n g  on a n d  in t h e  v i c i n -  
i t y  o f  t h e  M a r g a r e t  C l a i m s .  Among  t h e s e  c o m p a n i e s  a r e  H o w e  S o u n d ,  U n i t e d  
V e r d e ,  C i b o l a  E x p l o - a t i o n ,  S u P e r i o r  Oi l  C o . ,  Kerr M c G e e ,  a n d  I n s p i r a t i o n  
C o p p e r  ( ? ) .  The  H o w e  S o u n d  a n d  U n i t e d  Verde  b o r i n g s  w e r e  c o n c e n t r a t e d  
a l o n g  t h e  e a s t e r n  e d g e  of  t h e  d a c i t e  a n d  t h e  w e s t e r n  p o r t i o n s  of  S e c t i o n s  1 
a n d  12,  T o w n s h i p  1 S o u t h ,  R a n g e  13 E a s t .  Two  or t h r e e  h o l e s  w e r e  d r i l l e d  
b y  C i b o l a  E x p l o r a t i o n  a l o n g  t h e  h i g h w a y  w h i c h  c o n n e c t s  S u p e r i o r  a n d  M i a m i .  
S e e  L o c a t i o n  Map, F i g .  2 
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Geophysics 

It i s  known tha t  m a g n e t i c  and e l e c t r i c a l  g e o p h y s i c a l  me thods  
have  been  u sed  by other  c o m p a n i e s  on the  s u b j e c t  a r e a .  The r e s u l t s  of 
th i s  work  are  not  a v a i l a b l e ,  but i t  is  g e n e r a l l y  unde r s tood  that  a l t h o u g h  
the  g e o p h y s i c a l  work  i n d i c a t e d  some a r e a s  of p o s s i b l e  i n t e r e s t ,  the r e l i a -  
b i l i t y  and r e s o l u t i o n  c a p a b i l i t y  w a s  s e r i o u s l y  impai red  b e c a u s e  of the  
la rge  dep th  to the  p o t e n t i a l l y  m i n e r a l i z e d  r o c k s .  
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Figure 2 : 

Seismic shot. 



AFFECT OF TOPOGRAPHY AND VEGETATION ON SEISMIC FIELD WORK 

A l t h o u g h  t h e  d i f f e r e n c e  in e l e v a t i o n  b e t w e e n  the  h i g h e s t  and  t h e  
l o w e s t  p o i n t s  in t h e  s e i s m i c  w o r k  i s  s o m e w h a t  m o d e r a t e ,  b e i n g  o n l y  
a b o u t  900 f e e t ,  t h e  a r e a  w h i c h  c o m p r i s e s  the  top of  the  d a c i t e  f l o w s  
c o n s i s t s  m a i n l y  o f  o u t c r o p p i n g  d a c i t e .  The v e g e t a t i v e  c o v e r ,  w h i c h  
c o n s i s t s  m a i n l y  o f  v a r i o u s  forms  of  c a c t u s  and  rather  short  c o n i f e r s ,  
i s  m o d e r a t e  t h r o u g h o u t  m o s t  o f  the  a r e a ,  but  i s  s o m e w h a t  d e n s e  in 
s o m e  l o c a l i t i e s .  The  c o m b i n a t i o n  of  the  large  a r e a l  e x p o s u r e  of  rock  
in an  u n e v e n ,  h i l l y  t erra in  d i s e c t e d  by  m o d e r a t e  to s t e e p  c a n y o n  w a l l s ,  
a n d  the  p r e s e n c e  of  a s i g n i f i c a n t  a m o u n t  of  v e g e t a t i v e  c o v e r ,  l e d  to  
t h e  c o n c l u s i o n  t h a t  the  e x i s t i n g  r o a d s  p r o v i d e d  the  m o s t  e f f i c i e n t  a n d  
f e a s i b l e  l o c a t i o n s  for  the  s e i s m i c  t r a v e r s e  l i n e s .  In order to  e f f e c t  
t h e  o v e r a l l  e f f i c i e n c y  g a i n e d  b y  u s i n g  the  e x i s t i n g  r o a d s ,  s o m e  d i f f i -  
cu] . t i e s  w e r e  e n c o u n t e r e d .  T h e s e  w e r e :  

1 .  An i r r e g u l a r  c o n f i g u r a t i o n  of  s e i s m i c  c o v e r a g e .  

. C u r v a t u r e  in  the  s e i s m i c  l i n e s  w h i c h  n e c e s s i t a t e  
a d d i t i o n a l  c a r e  in  the  c o m p u t i n g  and  i n t e r p r e t a t i o n  
of  t h e  s e i s m i c  d a t a .  
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Figure 3: 

Topography 
on Line D° 
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SEISMIC EXPLORATION 

The  s e i s m i c  e x p l o r a t i o n  prograrn  w a s  b a s e d  on t h e  p r e m i s e  t h a t  a 
d e t e c t i b l e  s e i s m i c  d i s c o n t i n u i t y  w a s  p r e s e n t  a t  t he  b a s e  of the  s u p e r j a c e n t  
u n i t s .  It s e e m s  r e a s o n a b l e  to  e x p e c t  t h a t  t h e  e l a s t i c  p r o p e r t i e s  of t he  
s u p e r j a c e n t  u n i t s  a r e  s u f f i c i e n t l y  d i f f e r e n t  from t h o s e  in the  u n d e r l y i n ~  h o s t  
u n i t s  to c o n s t i t u t e  t he  p o t e n t i a l  foc o b t a i n i n g  d i s c e r n a b l e  s e i s m i c  r e f l e c -  
t i o n s .  L o c a l  e x c e p t i o n s  to  t h i s  w o u l d  be  e x p e c t e d  in a r e a s  of more  i n t e n s e  
f a u l t i n g  or in a r e a s  w h e r e  t h i s  c o n t a c t  is  d e e p l y  d i p p i n g .  

On t h e  s e i s m i c  s e c t i o n s ,  e l e v a t i o n  i s  m a r k e d  to t he  l e f t  and  t h e  
t i m e  in s e c o n d s  i s  m a r k e d  to  t h e  r i g h t .  The  e l e v a t i o n  a p p l i e s  to  a l l  r e f l e c -  
t e d  e v e n t s  o c c u r i n g  a t  t h e  main  s e i s m i c  d i s c o n t i n u i t y  and  a b o v e .  B e c a u s e  
t h e  s e i s m i c  v e ] o c i t : y  i s  m u c h  g r e a t e r  b e l o w  t h e  s u p e r j a c e n t  u n i t s ,  t he  
r e f l e c t i o n s  n o t e d  in the  l o w e r  z o n e  no  l o n g e r  r e l a t e  to  t h e  e l e v a t i o n  s h o w n  
in t h e  l e f t  c o l u m n .  T h u s ,  t h e  t i m e  in m i l l i s e c o n d s  of t h e s e  e v e n t s  is  s h o w n  
in  t h e  c o l u m n  to  t h e  r i g h t  for  t h e  p u r p o s e  of c o m p u t i n g  the  de._oth to any. 
s p e c i f i c  e v e n t .  T e n t a t i v e l y ,  w e  s u g g e s t  t h a t  a v e l o c i t y  of 1 2 , 0 0 0  f e e t  pe r  
s e c o n d  be  u s e d  in t h e  r o c k s  b e l o w  the  d i s c o n t i n u i t y .  

It w a s  f o u n d  t h a t  t h e  s e i s m i c  r e s p o n s e  in t h e  v o l c a n i c  s e c t i o n ,  for 
t h e  m o s t  p a r t ,  d i f f e r e d  s u b s t a n t i a l l y  from the  s e i s m i c  r e s o o n s e  in t h e  o l d e r  
u n i t s .  In the  v o l c a n i c  u n i t s ,  m o d e r a t e  to r a t h e r  s t r o n g ,  c o n t i n u o u s ,  hot~i - 
z o n t a l  to  n e a r - h o r i g o n t a l  r e f l e c t i o n  e v e n t s  w e r e  r a t h e r  o b v i o u s .  G e n e r a l l y ,  
t h e  s e i s m i c  w a v e s  formin.z t h e s e  e v e n t s  a r e  r a t h e r  s h a r p ,  h a v i n g  a r e l a t i v e l y  
s h o r t e r  w a v e  l e n g t h  t h a n  t h e  w a v e s  r e f l e c t e d  by  t h e  o l d e r  u n i t s ,  tn t he  
W h i t e t a i l  c o n g l o m e r a t e ,  the  w a v e s  w e r e  c o m m o n l y  a t t e n u a t e d  and  the  
r e f l e c t e d  e v e n t s  l o s t  t h e i r  h o r i z o n t a l  to  near-ho~.- izonta l  a s p e c t .  The  t y p i c a l  
s e i s m i c  s e c t i o n  in t h i s  p r o ] e c t  c o n s i s t e d  of r a t h e r  s t r o n g  a n d  e a s i l y  c o ; r e l a -  
t a b l e  h o r i z o n t a l  r e s p o n s e s  f r o ~  t h e  v o l c a n i c  s e c t i o n  f o l l o w e d  by  a z o n e  of 
v a r i a b l e  t h i c k n e s s  in w h i c h  the  w a v e s  w e r e  a t t e n u a t e d ,  t h i s  b e i n g  the  
W h i t e t a i l  c o n g l o m e r a t e .  Th i s  z o n e  of a t t e n u a t i o n  w a s  t h e n  f o l l o w e d  by  a 
s e r i e s  of s t r o n g e r  e v e n < s ,  in m a n y  c a s e s  t h e s e  e v e n t s  b e i n g  a s  s t rong  a s  
t h o s e  e n c o u n t e r e d  in t he  v o l c a n i c  s e c t i o n .  T h e s e  l a t e r  s t rong  e v e n t s  a r e  
t h o s e  b e l i e v e d  to  be  c o r r e l a t i v e  w i t h  the  top  of t h e  o l d e r  h o s t  r o c k  u n i t s .  
C o r r e l a t i o n  b e t w e e n  t r a c e s  of t h e s e  l a t e r  e v e n t s  y i e l d  a s e r i e s  of d i s c o n -  
t i n u o u s  l i n e s  w h i c h  in g e n e r a l  a s p e c t  form s u r f a c e s  w h i c h  a r e  g e n t l y  
u n d u l a t i n g  to s t e e p l y  d i p p i n g .  T r u n c a t i o n s  and  o f f s e t s  of t h e s e  e v e n t s  a r e  
more  n u m e r o u s  t h a n  in the  v o l c a n i c  s e c t i o n  and  t h e y  a r e  in m a n y  c a s e s  
b e l i e v e d  to  be  a r e s u l t  of f a u l t i n g .  

P a l e o z o i c  and  P r e c a m b r i a n  S e d i m e n t a [ x  S e c t i o n  

In s e v e r a l  of  the  s e c t i o n s  a s e r i e s  of r a t h e r  c l o s e l y  s p a c e d ,  p a r a l l e l  
to  s u b p a r a ] ] e ] ,  s t r o n g  r e f l e c t e d  e v e n t s  a r e  b e l i e v e d  to  be  c o r r e l a t i v e  w i t h  
t he  P a l e o z o i c  a n d  P r e c a m b r i a n  s e d i m e n t a r y  s e c t i o n s .  R e f l e c t i o n  e v e n t s  
s u g g e s t i n g  the  p r e s e n c e  of the  P a ] e o z o i c  a n d  P r e c a m b r i a n  s e d i m e n t a r y  
s e c t i o n  a p p e a r  in t h e  f o l l o w i n g  r e f l e c t i o n  s e c t i o n s :  

R e f l e c t i o n  S e c t i o n  B 0 to  4 , 0 0 0  f e e t  a n d  
1 5 , 0 0 0  to i 6 , 0 0 0  f e e t  



\ 1  

R e f l e c t i o n  S e c t i o n  © 

R e f l e c t i o n  S e c t i o n  D 

R e f l e c t i o n  S e c t i o n  M 

R e f l e c t i o n  S e c t i o n  N 

0 t o  3 , 0 0 0  f e e t  

0 t o  4 , 0 0 0  f e e t  

0 t o  4 , 0 0 0  f e e t  

4 , 0 0 0  to  6 , 0 0 0  f e e t  

F a u l t s  a n d  b e d d i n g  c a n  p r o b a b l y  be  s h o w n  in more  d e t a i l  if  f u r t h e r ,  
m o r e  s o p h i s t i c a t e d  c o m p u t e r  a n a l y s e s  a re  u s e d .  

I n t r u s i v e  R o c k s  

An a r c h - s h a p e  c o n f i g u r a t i o n  t o  t h e  r e f l e c t e d  e v e n t s  w a s  n o t e d  in 
s e v e r a l  l o c a l i t i e s  in t h e  r e f l e c t i o n  s e c t i o n s .  Th i s  c h a r a c t e r i s t i c  i s  
b e i n g  i n t e r p r e t e d  t e n t a t i v e l y  a s  p o s s i b l e  i n t r u s i v e s ,  a p p e a r i n g  in t h e  
f o l l o w i n g  r e f l e c t i o n  s e c t i o n s :  

R e f l e c t i o n  S e c t i o n  A S t a .  2 , 0 0 0  to  S t a .  4 , 5 0 0  f e e t  

R e f l e c t i o n  S e c t i o n  B 9 , 0 0 0  to  1 3 , 0 0 0  f e e t  - -  t ime  = 1 .2  s e c o n d s  

R e f l e c t i o n  S e c t i o n  D 0 to  5 , 0 0 0  f e e t  - -  t ime  = 1 .2  s e c o n d s  
6 , 5 0 0  to  8 , 0 0 0  f e e t  - -  t ime  = 0 . 8  s e c o n d  

R e f l e c t i o n  S e c t i o n  M a t  S t a .  3 , 0 0 0  f e e t  - -  t ime  0 . 9  s e c o n d  

R e f l e c t i o n  S e c t i o n  N S t a .  0 to  4 , 0 0 0  - -  t ime  = 0 . 8  to  t . 0  s e c o n d s  
S t a .  6 , 5 0 0  to  S t a .  8 , 0 0 0  f e e t  - -  t ime  = 

1 . 0  s e c o n d s  

H y d r o t h e r m a l l y  a l t e r e d  z o n e s  w i t h i n  a n d / o r  a d j a c e n t  to t he  i n t r u -  
s i v e s  migh t  be  o u t l i n e d  w i t h  a d d i t i o n a l  c o m o u t e r  a n a l y s e s  and  f u r t h e r  
i n t e r p r e t a t i o n  of  the  e x i s t i n g  s e i s m i c  r e c o r d s .  

M e t a m o r p h i c  R o c k s  

T h o s e  i n t e l w a l s  a l o n g  t he  t r a v e r s e s  w h i c h  a re  n o t  c o v e r e d  t inder  
P a l e o z o i c  and  P r e c a m b r i a n  S e d i m e n t a r y  S e c t i o n  or u n d e r  ! n t r u i s i v e  R o c k s  
a r e  t e n t a t i v e l y  i n t e r m r e t e d  to  be  P r e c a m b r i a n  m e t a m o r p h i c  r o c k .  The 
P i n a l  s c h i s t  i s  t h e  p r e v a l e n t  m e t a m o r p h i c  r o c k  in t h i s  a r e a .  



F a u l t s  

A c o m p r e h e n s i v e  map d e p i c t i n g  a l l  the  i m p o r t a n t  f a u l t s  in t h e  
r a t h e r  l a r g e  a r e a  e n c o m p a s s e d  by  the  M a r g a r e t  C l a i m - G r o u p  c a n n o t  
be d r a w n  w i t h  t h e  e x t e n t  of  s e i s m i c  c o v e r a g e  t h u s  far  a t t a i n e d .  As 
a m a t t e r  of f a c t ,  t he  s t r i k e  of many  of the  f a u l t s  e n c o u n t e r e d  a l o n g  
t h e  s e i s m i c  l i n e s  h a d  to  be i n f e r r e d  from the  s u r f a c e  t o p o g r a p h y  a n d  
t h e  s t r u c t u r a l  g e o l o g y  of t h e  a r e a  a s  p r e s e n t l y  u n d e r s t o o d .  Two 
main  c r i t e r i a  w e r e  e m p l o y e d  in m a p p i n g  the  f a u J t s  --- f i r s t ,  t he  mag-- 
n i t u d e  of d i s r u p t i o n  a n d  d i s p l a c e m e n t  of t he  s e i s m i c  e v e n t s ;  s e c o n d ,  
t h e  r e l e v a n c e  t h e  f e a t u r e  a p p e a r s  to  h a v e  in t he  o v e r a l l  g e o l o g i c  
s e t t i n g .  Two main  s y s t e m s  of f a u l t s ,  b a s e d  on the  d i r e c t i o n  of s t r i k e ,  
w e r e  i n t e r p r e t e d  in t h e  M a r g a r e t  C l a i m - G r o u p .  

A n o r t h - . s t r i k i n g  s y s t e m  of f a u l t s ,  w h i c h  i s  p r o b a b l y  t he  y o u n g e r  
of  t he  t w o  s y s t e m s ,  is  a p p a r e n t l y  r e s p o n s i b l e  for the  g r a b e n - l i k e  
s t r u c t u r e  w h i c h  o c c u p i e s  t he  a r e a s  of the  M a r g a r e t  C l a i m - G r o u p  and  
Oak  F l a t .  Of c o u r s e ,  t h i s  s t r u c t u r e  h a s  b e e n  s u b s e q u e n t l y  f i l l e d  
w i t h  W h i t e t a i l  c o n g l o m e r a t e  and  t h e  d a c i t i c  v o l c a n i c  s e c t i o n .  The  
top  of t he  h o s t  r o c k  u n i t s  h a s  b e e n  s t e p - f a u l t e d  d o w n w a r d  to the  w e s t  
by  two  p a r a l l e l ,  n o r t h - s t r i k i n g  f a u l t s  a l o n g  the  e a s t e r n  e d g e  of the  
s u b j e c t  a r e a .  From w e s t  to  e a s t ,  t h e s e  f a u l t s  a r e  d e s i g n a t e d  on t h e  
map  a s  t he  M a r g a r e t  f a u l t  a n d  t h e  R a w h i d e  C a n y o n  f a u l t .  The v e r t i c a l  
th row on e a c h  of t h e s e  s t r u c t u r e s  a p p e a r s  to r a n g e  from a b o u t  200 f e e t  
to  p e r h a p s  more  t h a n  1 ,000  f e e t .  The  a r e a  l y i n g  to the  e a s t  of t h e  
R a w h i d e  C a n y o n  f a u l t  a n d  n o r t h  of U.  S. H w y .  60 is p r o b a b l y  t h e  a r e a  
w i t h  the  t h i n n e s t  s e c t i o n  of s u p e r j a c e n t  u n i t s  in the  s u b j e c t  a r e a .  

A s y s t e m  of f a u l t s  w h i c h  s t r i k e  N 75 ° E w a s  i n f e r r e d  f rom the  
s e i s m i c  d a t a  and  t o p o g r a p h i c  f e a t u r e s .  At l e a s t  some  of t h e s e  s t r u c -  
t u r e s  a r e  p r o b a b l y  r e l a t e d  to  the  n o r t h e a s t  m i n e r a l  t r end  in th~s r e g i o n .  
The  M a g m a  f a u l t  m igh t  be r e p r e s e n t e d  by  one  of two  f a u l t  s t r u c t u r e s  
e n c o u n t e r e d  a t  t h e  s o u t h  end  of L ine  C ,  or t h e  f a u l t  a t  t h e  s o u t h  end  
of Line  D.  The s o u t h  s i d e  of a l l  t h r e e  of t h e s e  f a u l t s  a p p e a r s  to  be 
d o w n t h r o w n  a t  l e a s t  200 f e e t .  In S e c t i o n s  22 ,  27,  and  34 ,  a s c i s s o r s -  
t y p e  of m o v e m e n t  a p p e a r s  on two  of the  n o r t h e a s t - s t r i k i n g  f a u l t s .  
H e r e ,  to  the  w e s t ,  t h e  s o u t h  b l o c k  is  d o w n t h r o w n ,  and  to  the  e a s t ,  
t h e  no r th  b l o c k  i s  d o w n t h r o w n .  

F o l d s  

The  s e i s m i c  d a t a  i n d i c a t e s  t h a t  t he  P a l e o z o i c  s t r a t a  a r e  f o l d e d  
i n t o  a s e r i e s  of a n t i c l i n e s  a n d  s y n c l i n e s ,  and  t h a t  d i p s  of 30 d e g r e e s  
a r e  p r o b a b l y  c o m m o n .  L o c a l l y ,  t he  s t r a t a  a p p e a r  to  be  c o n t o r t e d  i n t o  
t i g h t  f o l d s .  

/ "\ 
k ~ . j  
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To~2o//Laoi, h y_oS__!~Le Top_ of t h e  H o s t  Rock U n i t s .  

N o r t h e a s t  High  A r e a .  

The  l e a s t  d e p t h  to  t h e  h o s t  r o c k  u n i t s  i s  a l o n g  the  e a s t e r n  e d g e  
of t h e  n o r t h e r n  h a l f  of  t he  a r e a  c o v e r e d  by  t h e  M a r g a r e t  c l a i m s ,  w h e r e  
t h e  c o m b i n e d  t h i c k n e s s  of the  W h i t e t a i l  c o n g l o m e r a t e  a n d  T e r t i a r y  
v o l c a n i e s  r a n g e s  f rom a few h u n d r e d  f e e t  to a b o u t  2 , 0 0 0  f e e t .  No  
s e i s m i c  c o v e r a g e  w a s  o b t a i n e d  e a s t  of t h e  R a w h i d e  C a n y o n  f a u l t ,  t h i s  
b e i n g  an  a r e a  b e l o w  w h i c h  the  top  of t h e  h o s t  r o c k  u n i t s  s h o u l d  be  t he  
l e a s t .  

The  a r e a  betm~een t h e  M a r g a r e t  f a u l t  a n d  the  R a w h i d e  C a n y o n  
f a u l t  w a s  e n c o u n t e r e d  in L i n e s  A, B, M,  and  N ,  bu t  L ine  B is s i t u a t e d  
in  the  s o u t h e r n  h a l f  of the  M a r g a r e t  c l a i m s  w h e r e  the  c o m b i n e d  t h i c k -  
h e s s  of W h i t e t a i l  c o n g l o m e r a t e  and  T e r t i a r y  v o l c a n i c s  m t h e  M a r g a r e t  
C l a i m - G r o u p  is  in e x c e s s  of 3 , 0 0 0  f e e t .  

H o s t  r o c k  u n i t s  in t h i s  a r e a  a r e  c o m p r i s e d  m a i n l y  of P ina l  s c h i s t  
a n d  q u a r t z  m o n z o n i t e  p o r p h y r y .  S e i s m i c  d a t a  s u g g e s t s  a p o s s i b i l i t y  of 
P a l e o z o i c  s t r a t a  b e i n g  p r e s e n t  a t  t he  n o r t h e a s t  c o r n e r  of t he  N o r t h e a s t  
H i g h .  

C e n t r a l  H i g h  A r e a .  

L ine  N e n c o u n t e r e d  a b r o a d  e l e v a t e d  a r e a  b e t w e e n  t h e  no r th  end  
of Line  D to  t h e  w e s t ,  a n d  the  s o u t h  e n d  of Line  A to the  e a s t .  A s a d d l e -  
l i k e  f e a t u r e  is i n t e r p r e t e d  j u s t  w e s t  of the  M a r g a r e t  f a u l t .  Th i s  s a d d l e  
i s  p r o b a b l y  r e l a t e d  to  a b r a n c h  on t h e  M a r g a r e t  f a u l t  or to a s t r u c t u r e  
w h i c h  m i g h t  a c c o u n t  for  t h e  r a t h e r  d e e p  c a n y o n  to  the  n o r t h w e s t .  A 
p o s s i b l e  e x t e n s i o n  of t h e  C e n t r a l  Id_[igh a r e a  to  t h e  e a s t  a p p e a r s  b e t w e e n  
t h e  M a r g a r e t  and  R a w h i d e  C a n y o n  f a u l t s .  A n o t h e r  h i g h ,  is  r e p r e s e n t e d  
by  o u t c r o p p i n g  i n t r u s i v e  r o c k  e a s t  of t h e  R a w h i d e  C a n y o n  f a u l t  in 
S e c t i o n  13 j u s t  b e y o n d  t h e  e a s t e r n ' e d g e  of t h e  a r e a  m a p p e d .  

S e i s m i c  w o r k  s h o w s  a z o n e  of d i m i n i s h e d  r e s p o n s e  a n d  l e s s  
c o n t i n u i t y  n e a r  t h e  m i d d l e  of t he  C e n t r a l  High°  Z o n e s  of s t r o n g  s e i s m i c  

I I  ~ .  . . I I  | l  1 , ~ • I ~  

s i g n a l  f l a n k  the a t m m l s h e d  zone , The a l n , l n i s h e d  zone is  t e n t a -  
t i v e l y  i n t e r p r e t e d  to be  an  i n t r u s i v e  m a s s  w h i c h  is  f l a n k e d  by  P a l e o z o i c  
s t r a t a .  

S o u t h e r n  High  A r e a .  

An e l e v a t e d  a r e a  of h o s t  r o c k  u n i t s  is  i n f e r r e d  from the  s e i s m i c  
d a t a  o b t a i n e d  a l o n g  Line  B. Th i s  n o r t h - t r e n d i n g ,  o n e - b a l l  s q u a r e  
mi l e  a r e a  is  s i t u a t e d i n  S e c t i o n s  26 ,  27 ,  34,  a n d  35° A s a d d l e - l i k e  
c o n f i g u r a t i o n  n e a r  t h e  t o o ,  a n d  n o r t h e a s t - t o  e a s t - t r e n d i n g  s p u r s  or 
r i d g e s ,  migh t  be  r e l a t e d  to  t h e  n o r t h e a s t - t r e n d i n g  f a u l t s  i n f e r r e d  a t  
t h e  s o u t h  end  of L ine  C .  It i s  a moot  po in t  a s  to  w h e t h e r  t h e s e  f e a t u r e s  
a r e  r e l a t e d  to  t h e  M a g m a  v e i n - f a u l t .  An i n t e r e s t i n g  l o c a l  h igh  w a s  m a p -  
p e d  a d j a c e n t  to  one  of the  f a u l t s  on L ine  C.  

The s t r o n g  a n d  " s t r a t a - l i k e "  ~ -  " e J ; : i ~ b  S[IOD.TII C,~] t h o  q,~:~c[.-i~" ~ e c ( ) i d s  
i n d i c a t e  t h a t  the  S o u t h e r n  High  is  p r o b a b l y  c o m p r i s e d  m a i n l y  of P a t e o z o i c  
s e d i m e n t a r y  u n i t s .  

]1 



N o r t h e r n  Low A r e a .  

S e i s m i c  i n t e r r ) r e t a t i o n  of Line M s h o w s  a l a r g e  n o r t h - t r e n d i n g ,  
c a n y o n - l i k e  d e p r e s s i o n  in t he  s u r f a c e  of the  h o s t  r o c k  u n i t s .  Th i s  
d e p r e s s i o n  a p p e a r s  to  w i d e n  and  d e e p e n  to the  n o r t h .  T e n n e s s e e -  
S u p e r i o r  D C A # I ,  s h o w n  a s  D. I t .  1 on the  C o n t o u r  M a p ,  P l a t e  1, 
b e a r s  ou t  t h e  s e i s m i c  i n t e r p r e t a t i o n .  It i s  no t  known  w h e t h e r  t h i s  
f e a t u r e  w a s  c a u s e d  by  e r o s i o n  or f a u i t i n g  or b o t h ,  but  a s i m i l a r  
n o r t h - t r e n d i n g  f e a t u r e ,  t h e  S o u t h e r n  Low,  is  p r e s e n t  sou th  of U. S.  
H w y .  60 a n d  it i s  n e a r l y  c o l i n e a r  w i t h  t h e  N o r t h e r n  Low on a b e a r -  
ing of a b o u t  20 d e g r e e s  W e s t .  

S e i s m i c  r e a d i n g s  i n d i c a t e  t ha t  s t r a t i f i e d  r o c k  u n i t s ,  p r o b a b l y  
P a l e o z o i c  a n d  P r e c a m b r i a n  s e d i m e n t a r y  f o r m a t i o n s ,  p r e d o m i n a t e  in 
t h e  N o r t h e r n  Low.  I n t r u s i v e  r o c k  a n d  P r e c a m b r i a n  s c h i s t  a r e  i n d i -  
c a t e d  in t h e  h i g h e r  e l e v a t i o n s  to  t h e  e a s t  of t h e  l o w .  

S o u t h e r n  Low A r e a .  

A r a t h e r  d e e p ,  n o r t h - t r e n d i n g ,  c a n y o n - l i k e  low in t he  s u r f a c e  
of t h e  h o s t  r o c k  u n i t s  is  i n t e r p r e t e d  from the  s e i s m i c  r e a d i n g s  a c -  
q u i r e d  on L ine  B, t h e  d a t a  front two  e x p l o r a t i o n  d r i l l  h o l e s ,  a n d  t h e  
a r e a l  g e o l o g y  e a s t  of  t h e  s u b j e c t  a r e a .  This  d e o r e s s i o n  a p p e a r s  
to  w i d e n  a n d  d e e p e n  in a s o u t h e r l y  d i r e c t i o n .  As m e n t i o n e d  a b o v e ,  
t h i s  f e a t u r e  migh t  be r e l a t e d  to  t h e  N o r t h e r n  Low.  

Schultze g r a n i t e  and  P ina]  schist a re  p r o b a b l y  the  p r e d o m i n a n t  
h o s t  r o c k  u n i t s  in t he  S o u t h e r n  Low.  Line  B, w h i c h  is  on the  w e s t  
s i d e  of t h e  l o w ,  e n c o u n t e r e d  w e a k e r ,  d i s c o n t i n u o u s  s e i s m i c  r e a d -  
i n g s  w h i c h  a r e  i n t e r p r e t e d  to be from i g n e o u s  and  m e t a m o r p h i c  u n i t s .  

12 
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Figure 4 : 

D a c i t i c  v o l c a n i c  s e c t i o n  over ly ing  P a l e o z o i c  sedimentary  formations 
near Superior,  Arizona.  
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T r u c k - m o u n t e d ,  2 4 - c h a n n e l ,  s e i s m i c  r e c o r d i n g  
on Line D .  

system in operation 
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• - " T r > o o  , + ?  _ .  , + e r  T ~ t - ~ C '  , .:.- ,>.>, G_, _-.. . . . . .  ,s_.u, b..t=()+_.t.J.-_,._-.,A_ ,-  L .  
~ y  , r l  D a t e s  ci .Hleu:  l \ lay  - J u l y ,  1964 

L o c a t i o n :  C o t .  M e l v i n  ] ,  2,  7 ,  8 

In M e t e r s  In F e e t  

0 - 1 4 0  0 - 4 6 0  

.D e.L~p., J:..0.._~.tg< 

1 . D a c i t e ,  s o m e w n a t  gla~'sy~. , v e r g i n g  on w e l d e d  
t u f f  in p l a c e s .  

1 4 0 - 1 5 8  4 6 0 - 5 2 0  G l a s s y  d a c i t e  - -  v i t r o p h y r e .  

1 5 8 - 2 2 8  5 2 0 - 7 4 5  

2 2 8 - 2 4 1  7 4 5 - 7 9 0  

G l a s s y  d a c i t e  w i t h  f e ] s i t e  z o n e s .  

F e l s i t e  w i t h  g l a s s y  d a c i t e .  

2 4 1 - 3 0 6  790-1050 Glassy dacite. 

3 0 6 - 4 1 5  1 0 5 0 - 1 3 6 0  A b o v e ,  s o m e  r e d - b r o w n  v o l c a n i c s  p r e s e n t .  

4 1 5 - 5 0 8  1 3 6 0 - 1 6 6 8  F e l s i t e  w i t h  v o l c a n i c  a n d  g l a s s y  z o n e s .  

508 1668 Lost circulation. 

508-559 1 6 6 8 - 1 8 3 0  F e l s i t e ,  g l a s s y  and  r e d - b r o w n  v o ] c a n i c s  (as a b o v e ) .  

5 5 9 - 6 7 4  1 8 3 0 - 2 2 1 0  A n d e s i t e ,  a m y g d a l o i d a l .  

6 7 4 - 1 2 2 5  22 10-4011.5  C o n g l o m e r a t e .  F r a g m e n t s  of g r a n i t e ,  s a n d s t o n e ,  
d i a b a s e ,  q u a r t z i t e ,  l i m e s t o n e ,  b a s a l t ,  a n d e s i t e ,  
s c h i s t .  N a t i v e  Cu at  2 8 8 5 - 2 9 7 1  - -  .02% C u .  

Core  a t  bo t tom:  Cu = 0 . 0 2 0 %  to 0 . 0 0 4 % .  

E1 of K e l l y :  4760 f t . ,  9" d i a .  
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TjT,jl~.~J£lS:S~ f:. = S u r; 6J~.!Q ik_ .~ g,55-'_ - 2 

D a t e s  d r i l l e d :  J u l y ,  1964 a n d ] u l y ,  
L o c a t i o n :  C o t .  AG ] ,  2, 9, 10 

1965 

11] M e t e r s  In F e e t  

0 - 1 3 5  0 - 4 5 0  

De s crJ p}d o<n_ 

Dacite, somewhat glassy, pink-brown. 

1 3 5 - 1 4 4  4 5 0 - 4 8 0  D a c i t e  and  a n d e s i t e .  

144 -329  4 8 0 - 1 0 9 5  D a c i t e ,  s o m e w h a t  g l a s s y ,  s o m e  a n d e s i t e  a t  660 ,  
780 ,  and  1050.  

3 2 9 - 3 6 3  1 0 9 5 - 1 2 1 0  R h y o l i t e  a n d  g l a s s ,  i n t e r b e d d e d  - -  s o m e  f e l s i t e  (?)  

3 6 3 - 4 0 2  1210--1270+ D a c i t e  

4 0 2 - 4 5 9  1 3 4 0 - t 5 3 0  C o n g l o m e r a t e  w i t h  q u a r t z i t e ,  s o ,  a n d e s i t e ,  " p i n k  
i g n e o u s  r o c k  w i t h  b i o t i t e "  

459-474 1 5 3 0 - 1 5 8 0  S c h i s t  - -  60%-70% red to  g r a y  s c . ,  30%-40% f e l d -  
s p a r ,  q u a r t z ,  f e l s i t e .  1532-1541  c o n t a i n s  a l i t t l e  
c h r y s a o o l l a .  C h l o r i t e  a l t e r a t i o n  a t  1555,  l e s s  s c  
d o w n  b o l e .  

474-490 1 5 8 0 - 1 6 3 0  G r a n i t e .  

490-500 1 6 3 0 - 1 6 7 0  Biotite g r a n i t e  w i t h  t r .  of ©u.  

5 0 0 - 5 0 5  1 6 7 0 - 1 6 8 5  G r a n i t e  a n d  g r a n i t e - s c h i s t .  

5 0 5 -  1 6 8 5 - 1 7 7 2  S c h i s t  a n d  G n e i s s ,  m u c h  is b r e c c i a t e d ,  t r .  Cu .  

El. of Kelly 4720 ft. 
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Dates dr i l led :  May  and June, JSG5 
Locat ion:  Near Cot .  Echo t4 ,  i5 ,  16, 

I iW 1,/4, Sec. 23, Two. 15, 
].7, 

Rqe~ 1BE 

0-101 0-(330) 1400 

D e s c rilot i on 

D a c i t e ,  p i n k - g r a y .  

lOl-llO (330-360) As a b o v e ,  only f i n e r - g r a i n e d  and l igh te r  colo~ed.  

iio- ( 3 6 0 -  ) D a c i t e ,  da rker .  

427-441 1400-1445 D a c i t e  and vitrophyre 

441-.459 1445-1505 D a c i t e  and tuff.  Some b a s a l t  in lower  15 ft .  

459-741 1505-2430 Basa l t .  

k~ 74!-9] .5  2430-3000 Cong lomera t e  

El. of Col la r  4640 f t . ,  5 - 5 / 8 "  d ia .  

(South of I-]ighway to Miami) 

8 



GEOPHYSICAL DIVISION 
3 4 2 2  SOUTH 7 0 0  WEST 

S A L T  LAK]~ CITY. UTA_II 8 4 1 1 9  

April 29, 1971 

MEMO TO RALPH FALCONER: 

REFLECTION SEISMIC SURVEY 
SUPERIOR EAST, ARIZONA 

Mr. Bill Saegart advises me that the Southwest Office is 
contemplating the seismic survey on the Superior East project 
by Jim Cooksley near the middle of May. 

]Will you plan to observe this survey. Also, you will be 
able to check with Jim Sell regarding your latest magnetic inter- 
pretation in relationship to Jim Sell's prevailing geologic inter- 
pretation. 

CKM:am C. K.  MOSS 

CO" W. E. Saegart 
J. D. Sell c~ ~ .... 
V~. G. Farley 

S 



TO: ~/,E,-. Sadgart . . . . .  % 

FROH: J. D. Sell 

i- 

,:- Re : .  COOKSLEY SEISHIC TRAVERSES 
. ~A c i~ r  E~I. PLAT, EAU . 

PINAL. £OUIHTY, ARIZOtlP, 
L r q t 

For expe~ditures qf funds on State L~ase lane 
C( R13E), 11:: has bee~ proposed that  J.  ~/ ;  )oks! 

studies. . . . .  ' . . . . . .  

Tke fol|owingcomments pertain to the study. 

Sections /4 and 5 (T2S, 
Jr , ,  expand the seismic 

: ,  • • . 

1) The lease date for, Section 5 is Hay 29, 1971 and the a f t l d a v l t  must 
be f I l e d " i n  Phoenix pr ior  t o  that date. 

2) Some road work is being done at the present •time for  Section 5: but 
the~-di,frference between said~expe nd|tures and the. t o t a l  needed ($5,490'00) 

: ~ i l l  be. made.:.~up-byselsmlc work,. This wi|. l probably amoun~ to some 
$200~.00. 

3)~i~The lease date fo r  Sect ion4 is Jun.e 29, 19-7! and the f u | l  expenditure 
~0f::~$5,910.00 i s : t u b e  appt~ed by seisml~-work. 

4) Seismic lineHargare:c N-N s is over the d r i l l  hole locat ion H-I (See. 
I S , T I S ,  R13E), As recent r e - d r i l l l n g  of -the.hole.has ve r i f i ed ,  several 
rock, type contacts not previously known, i t  w l l l .  be necessary to re -  
ev~!luate the~seasmic information and perhaps re-shoOt stat ions over the 
~8r l t t .  hole. 

5) I t  is unknown at th is  time t f  we can~ secure up -ho leve loc i t y  measure- 
• a ments by detonating charge at the bottom of  the hole M.l in that  the 

SLC lab requests the use of the hole for  bottom-hole geophysical in -~ 
s t r~en ta  t i on. 

6) AS d r i l l  hole I -1  (Sect|on 35, TIS, RI3E) Is reported to be In pre- 
~Ineral rock and aswe have the repor ted log  of the hole, i t  would be 
advantageous to run a l ine over the hole for  co r re la t ion  purposes..The 
road t o  t~f~e s i t e  is washed out fo r  approximateIy one,quarter of a mile 
at the:~:dr]11 s i t e  end. 

"'7) The  attached map shows the State Lease Sections, the proposed work 
and theper t i nan t  prev'lous se lm l¢  l lnes ,  t .  A _ " 

J~DS: s h 
a t tLaCh. 
cc: WLKurtz 

RBCrist 
RBCummtngs 

JW~ks 1~/3  



ASARCO 
A M E R I C A N  SMELTING A N D  R E F I N I N G  C O M P A N Y  

SOUTHWESTERN EXPLORATION DIVISION 

P. O. BOX 5747, TUCSON, ARIZONA 85703 

May 21, 1971 
1150 N O R T H  7 T H  , A V F N U  F 

T E L E P H O N E  6 0 2 - 7 9 ~ - 3 0 1 0  

Mr. J. W. Cooksley, Jr. 
P. O. Box 928 
Tucson, Arizona 85702 

Dear Mr. Cooksley: 

Re: DRILL HOLE INFORMATION 
SUPERIOR EAST PROJECT 
PINAL COUNTY~ ARIZONA 

In following up the discussion of your seismic work for us, in which 
W. L. Kurtz, R. B. Crist, W. G. Farley and R. Guill were also present, 
the following information rs submitted on three drill holes on the 
plateau area. 

M-I (SW¼, SW¼, Sec. 15, T I S, R 13 E) 

0 1890 
1890 - 2428 
2428 - 2920 

2920 -+3200 

- Dacite 
- Early Volcanics 
- Whitetail Conglomerate, fine-grained, few pebble 

zones, with mudstone. 
- Whitetail Conglomerate, mainly pebble conglomerate 

with minor (20Z) fine-grained, mudstone, matrix. 

This hole cored from 2400 to bottom by ASARCO. Minor core and all cuttings 
from surface to 2400 (by Continental Copper) is also available. 

I - I  (SE¼ NE¼, Sec. 35, T l S, R 13 E) 

O i If05 
llO5 2939 
2939 - 3240 
3240 - 3475 

Dacite 
Whitetail Conglomerate 
Precambrian Diabase 
Precambrian Schist 

This hole totally corred by Inspiration and reported to us secondhand. I 
have no information as to the validity of the contact zones but feel they 
are probably correct. 



Mr. Cooksley, Jr. -2- May 21, 1971 

DCA-I (NW¼ NE¼, Sec. 3, T l S, R 13 E) 

0 - 550 
550 - 2210 

2210 - 4011 

Oacite 
Early Volcan'cs 
Whitetail Conglomerate 

This hole air drilled by Miami Copper Company and Superior Oil Company. 
Geologic drill log is available and above contacts reinterpreted from the 

log. 

JDS :sh 

co: 

//'//< 
/ /" James D. Sell 

WESaega rt 
•LKurtz 
t4G Far I ey 
RBCummings 
(extra copy to J. W. Cooksley, Jr.) 

x~L~ 



REFLECTION SEISMIC INVESTIGATION 

OF SUBSURFACE GEOLOGY 

AT THE SUPERIOR EAST PRO]-ECT 

GILA AND PINAL COUNTIES, ARIZONA 

CONDUCTED FOR 

AMERICAN SMELTING AND REFINING COMPANY 

INTRODUCTION 

This i n v e s t i g a t i o n  is  an e x p a n s i o n  of a r e f l e c t i o n  s e i s m i c  exp lo ra t ion  
program c o n d u c t e d  on the  Margare t  c l a im-g roup  during January - March ,  
1970 for C o n t i n e n t a l  Copper ,  Inc .  A repor t  of i n v e s t i g a t i o n  cover ing  the  
i n i t i a l  p ro jec t  t i t l e d ,  Ref lec t ion  s e i s m i c  su rvey  c o n d u c t e d  on the  Margare t  
c l a ims  l o c a t e d  about  four m i l e s  no r thea s t  of Super ior ,  Arizona,  was  c o m -  
p l e t ed  by th i s  of f ice  and submi t t ed  to Con t inen t a l  Copper ,  Inc .  in June,  
1970. Since th i s  t ime ,  American Smel t ing  and Refining Company has  
t a k e n  over  the exp lo ra t i on  of the  Margare t  c l a i m s  and some a d j a c e n t  l a n d s .  

The s e i s m i c  exp lo ra t ion  in th i s  area has  b e e n  d i r e c t e d  pr imari ly  to -  
ward f inding the  c o n t a c t  b e t w e e n  the  under ly ing  p r e - m i n e r a l  a s s e m b l a g e  
of s e d i m e n t a r y ,  i g n e o a s  and metamorphic  rock u n i t s ,  and an ove r ly ing  
s e c t i o n  of p o s t - m i n e r a l  v o l c a n i c s  and c o n t i n e n t a l  s e d i m e n t a r y  un i t s  wh ich  
m e a s u r e s  in e x c e s s  of 5 ,000 fee t  l o c a l l y .  Addi t ional  effort  has b e e n  
d i r ec t ed  toward d i f f e r en t i a t i ng  p r e - m i n e r a l  and p o s t - m i n e r a l  f au l t ing ,  and 
in  de te rmin ing  the  type  of rock p r e s e n t  in the  p r e - m i n e r a l  a s s e m b I a g e .  

Much has  b e e n  wr i t t en  about  p rev ious  e x p l o r a t i o n ,  mining  a c t i v i t i e s ,  
g e o lo g y  and ore d e p o s i t s  in the  Superior  and the G l o b e - M i a m i  mining  
d i s t r i c t s .  The r eade r  is  re fe r red  to works  by P e t e r s o n ,  D. W.  (1969), 
Hammer,  D . F .  and P e t e r s o n ,  D . W .  (1968), P e t e r s o n ,  N. P. (1962), and 
Ransome,  F. L. (1903 & 1914) w h i c h  con ta in  d e t a i l e d  d e s c r i p t i o n s  of 
t h e s e  s u b j e c t s .  This repor t ,  b e i n g  pr imari ly  a d e s c r i p t i o n  of the  f i nd ings  
of the  r e f l e c t i o n  s e i s m i c  exp lo ra t ion ,  wi l l  t r ea t  only  t h o s e  i t e m s  wh ich  
are d i r ec t l y  r e l a t e d  to s e i s m i c  i n t e r p r e t a t i o n s .  

S ince  the  c o m p l e t i o n  of the  in i t i a l  s e i s m i c  work c o n d u c t e d  for Con-  
t i n e n t a l  Copper ,  I n c . ,  two deep  dril l  h o l e s  h a v e  b e e n  c o m p l e t e d ,  and one  
is  cur ren t ly  be ing  d r i l l e d .  The r e s u l t s  of the  d r i l l ing  i n d i c a t e  tha t  the  



s e i s m i c  work  i s  in s e r i o u s  e r ro r  w e s t  o f  t i le M a r g a r e t  f a u l t ,  but  s e e m s  to 
be a c c u r a t e  to w i t h i n  t e n  (10) p e r c e n t  e a s t  of  t h i s  s t r u c t u r e .  The M a r -  
g a r e t  f a u l t  i s  a n o r t h - s t r i k i n g  n o r m a l  f a u l t ,  t h e  w e s t  b l o c k  d o w n - t h r o w n ,  
w h i c h  w a s  in t e rp re t e~ t  from the  s e i s m i c  d a t a .  A p p a r e n t l y  a l a r g e  a c c u -  
m u l a t i o n  of W h i t e t a i l  C o n g l o m e r a t e ,  a p o s t - m i n e r a l ,  c o n t i n e n t a l ,  s e d i -  
m e n t a r y  d e p o s i t ,  is  p r e s e n t  w e s t  of  t he  M a r g a r e t  f a u l t .  The v e l o c i t y ,  o f  
t h i s  u n i t  w a s  g r e a t l y  u n d e r e s t i m a t e d ,  t h u s  r e s u l t i n g  in an  e r r o n e o u s l y  
s m a l l e r  d e p t h  c a l c u l a t i o n  to  t h e  top of p r e - m i n e r a l  r o c k .  



GEOLOGIC SETTING 

S e q u e n c e  of  Rocks  

H 

I E-~ 
E-~ ~< 
co P~ © ~ 

I 

L i t h o l o g y  

A p a c h e  Leap  Tuff - -  
p r e d o m i n a n t l y  d a c i t i c  tuff  
u n i t s ,  v i t r i f i e d  & d e v i t r i f i e d .  

U n c o n f o r m i t y  

O l d e r  V o l c a n i c s  - -  
p r e d o m i n a n t l y  a n d e s i t i c  to  
b a s a l t i c  f l ow  and  t u f f a c e o u s  
units. 

U n c o n f o r m i t y  

W h i t e t a i l  C o n g l o m e r a t e  - -  
c o n t i n e n t a l  c o n g l o m e r a t e  
d e p o s i t  in  p r e d o m i n a n t l y  
s h a l y  to  s a n d y  m a t r i x ,  w e l l  
b e d d e d  to poo r ly  b e d d e d .  

U n c o n f o r m i t y  

I N a c o  L i m e s t o n e  - -  
M e d i u m -  to t h i n - b e d d e d  l i m e -  
s t o n e  t h a t  l o c a l l y  c o n t a i n s  
i r r e g u l a r  n o d u l e s  and  l a y e r s  of  

Ht c h e r t ,  and  f i s s l e  s h a l e  s p o r a -  
~I d i c a l l y  i n t e r b e d d e d  w i t h  l i m e -  

s t o n e .  Bedd ing  p l a n e s  d i s t i n c t  
"ml a n d  p r e d o m i n a t e l y  f l a t ,  t h o u g h  
ml s o m e  a re  w a v y .  L o c a l l y  m i n -  

I e r a l i z e d  in  t h e  G l o b e  a r e a .  

~.~' E s c a b r o s a  L i m e s t o n e  - -  
m' T h i c k -  to t h i n - b e d d e d  l i m e -  
~i s t o n e .  U p p e r  E s c a b r o s a  i s  
o~j ~01 m e d i u m -  to  t h i n - b e d d e d  and  
~Ol c o n t a i n s  a b u n d a n t  c h e r t  and  
o0t 
~'. i n t e r b e d d e d  s h a l e .  M i d d l e  

T h i c k n e s s  

1,000 to 
2,000 feet 

0 to 
600 feet 

0 to 
3 , 0 0 0  + 
f e e t  

0 to 
1 , 0 0 0  f e e t  

400 to  
500 f e e t  

V e l o c i t y  

5,000 to 
8,000 fps 

lO,OOO (?) 
fp s 

I0,000 to 
17,000 (?) 
fps 

12,000 to 
14,000 fps 
(a s sumed) 

12,000 to 
14,000 fps 
(assumed) 



f 

z < 

I 

L i t h o l o g y  T h i c k n e s s  

E s c a b r o s a  i s  t h i c k - b e d d e d  a n d  
i s  c l i f f  f o r m i n g .  L o w e r  E s c a -  
b r o s a  i s  t h i c k -  to  m e d i u m - b e d d e d .  
M i n e r a l i z a t i o n  o c c u r s  l o c a l l y  in 
G l o b e  a n d  S u p e r i o r  a r e a s .  

9 
P~ 

M a r t i n  L i m e s t o n e  - -  
A l t e r n a t i n g  z o n e s  o f  t h i n -  
t o  m e d i u m - b e d d e d  l i m e s t o n e  
a n d  d o l c m i t e .  Th in  b e d s  o f  
m e d i u m - g r a i n e d  q u a r t z i t e ,  
s a n d s t o n e ,  a n d  s h a l e  i n t e r -  
b e d d e d  w i t h  l i m e s t o n e  a n d  
d o l o m i t e  in  l o w e r  s e c t i o n .  
U p p e r  l i m i t  o f  M a r t i n  d e -  
f i n e d  by  10 - 30 f e e t  of  
h i g h l y  f i s s i l e  c a l c a r e o u s  
s h a l e .  M e d i u m - b e d d e d  
d a r k - g r a y  c r y s t a l l i n e  l i m e -  
s t o n e  i s  h o s t  r o c k  for  r e -  
p l a c e m e n t  o r e  b o d i e s  in  
M a g m a  M i n e  a n d  i s  l o c a l l y  
m i n e r a l i z e d  e l s e w h e r e .  

350 to  
450 f e e t  

Dis conformity 

" B o l s a  Q u a r t z i t e  - -  
U p p e r  p a r t  - m e d i u m  to  f i n e  
g r a i n e d  q u a r t z i t e  t h a t  m a y  
g r a d e  l o c a l l y  to  s a n d s t o n e .  
B e d d i n g  d i s t i n c t ,  m e d i u m  to  
t h i c k ,  g e n e r a l l y  e v e n ,  l o c a l l y  

~n u n d u l a t i n g ;  c r o s s b e d d i n g  
~J c o m m o n .  L o w e r  p a r t  - 
~) h e t e r o g e n e o u s  c l a s t i c  l i t h o -  

I l o g i e s  v a r y i n g  a b r u p t l y  b o t h  
l a t e r a l l y  a n d  v e r t i c a l l y .  

0 to 

430 feet 

U n c o n f o r m i t y  

D i a b a s e  - -  
S i l t s  a n d  d i k e s .  G e n e r a l l y  
m e d i u m  g r a i n e d ,  l o c a l l y  
c o u r s e  g r a i n e d ,  a p h a n i t i c  a t  

V e l o c i t y  

12,000 to 
14,000 f.ps 
(a s sumed) 

1 5 , 0 0 0  to 
2 2 , 0 0 0  f p s  
(assumed) 



Li tho logy  T h i c k n e s s  Ve loc i ty  

I 

k - -  

c h i l l e d  b o r d e r s .  Commonly ,  
m i n e r a l s  m o d e r a t e l y  a l t e r e d .  
I n t rudes  Troy Qua r t z i t e  and 
o lde r  f o r m a t i o n s ,  and is 
d e p o s i t i o n a l l y  o v e r l a i n  by 
Bolsa Q u a r t z i t e .  

S t r a t a f i ed  Precambr ian  
Format ions  - -  
These  i n c l u d e  the  Troy 
Q u a r t z i t e  (730 f t . ) ,  
Basa l t  (max. 320 f t . ) ,  
M e s c a l  L imes tone  
(350 f t . ) ,  Dripping 
Spring Quar t z i t e  (720 f t . ) ,  
and  the  P ionee r  Forma-  
t ion  (305 f t . ) .  

Unconformi ty  

Pinal  S c h i s t  - -  
Q u a r t z - m u s c o v i t e  s c h i s t  and 
q u a r t z - m u  s c o v i t e -  c h l o r i t e  
s c h i s t .  W e l l - d e v e l o p e d  to 
i n d i s t i n c t  fo l i a t ion  tha t  i s  
s l i g h t l y  to i n t e n s e l y  c o n t o r t e d .  
Pods ,  v e i n s ,  and  v e i n l e t s  of 
w h i t e  quar tz  l o c a l l y  a b u n d a n t .  

2425 f ee t  15,000 to 
22,000 f.ps 
(a s sume d) 

15,000 +_ fps 
(assumed) 



F I N D I N G S  OF SEISMIC INVESTIGATION 

The s e i s m i c  e x p l o r a t i o n  p r o g r a m  w a s  b a s e d  on t h e  p r e m i s e  t h a t  a 
d e t e c t i b l e  s e i s m i c  d i s c o n t i n u i t y  w a s  p r e s e n t  a l o n g  f a u l t s  a n d  a t  t h e  b a s e  
o f  t h e  s u p e r j a c e n t  u n i t s .  It  s e e m s  r e a s o n a b l e  to  e x p e c t  t h a t  t h e  e l a s t i c  
p r o p e r t i e s  o f  t h e  r o c k  in  p r o x i m i t y  o f  f a u l t s  a n d  in  t h e  s u p e r j a e e n t  u n i t s  
a re  s u f f i c i e n t l y  d i f f e r e n t  from t h o s e  in  t h e  i n t a c t  r o c k  a n d  in  t h e  u n d e r -  
l y i n g  p r e - m i n e r a l  u n i t s  to  c o n s t i t u t e  t h e  p o t e n t i a l  for  o b t a i n i n g  d i s c e r n a b l e  
s e i s m i c  d i s c o n t i n u i t i e s .  

C o r r e l a t i o n  of  S e i s m i c  V e l o c i t y  w i t h  Geolo_gic  U n i t s  

The  d e t e r m i n a t i o n  of  a v e r a g e  v e l o c i t y  i s  a r a t h e r  c o m p l e x  p r o c e d u r e  
o f  i n t e r p r e t i n g  r e f l e c t i o n  v e l o c i t y  a n a l y s i s  d a t a  a s  s c a n n e d  w i t h  d i g i t a l  
c o r r e l a t i o n  m e t h o d s .  I t  h a s  b e e n  o u r  e x p e r i e n c e  t h a t  u s i n g  an  a n a l y s i s  
f rom o n l y  o n e  s h o t  p o i n t  w o u l d  i n v a r i a b l y  be  m i s l e a d i n g  in  a t  l e a s t  o n e  
a s p e c t  a n d  m a y b e  in  s e v e r a l .  H o w e v e r ,  L n s p e c t i o n  of  m a n y  v e l o c i t y  
a n a l y s e s  s i m u l t a n e o u s l y  y i e l d s  a m o r e  r a t i o n a l  a n d  c o m p l e t e  i n t e r p r e t a t i o n  
of  s e i s m i c  v e l o c i t y  a n d  g e o l o g y .  

V e l o c i t y  a n a l y s i s  d a t a  i n d i c a t e s  v e l o c i t i e s  in  t h e  A p a c h e  L e a p  Tuff  
r a n g e  f rom 6 , 0 0 0  fp s  a t  t h e  s u r f a c e  to  a s  m u c h  a s  8 , 0 0 0  f p s  a t  t h e  b a s e  
of  t h e  s e c t i o n .  I n t e r p r e t i n g  f rom a v e r a g e  v e l o c i t y  d a t a ,  t h e  s e i s m i c  
v e l o c i t y  of  t h e  W h i t e t a i l  C o n g l o m e r a t e  a p p e a r s  to  be  in t h e  o r d e r  o f  
1 0 , 0 0 0  f p s  to  1 2 , 0 0 0  f p s .  V e l o c i t i e s  in  p r e - m i n e r a !  a s s e m b l a g e  r o c k s  
p r o b a b l y  r a n g e  f rom 1 4 , 0 0 0  fp s  t o  2 0 , 0 0 0  fp s  w h e r e  t h e  r o c k  i s  n o t  a f f e c t e d  
by  a l t e r a t i o n  or  f r a c t u r i n g .  The a v e r a g e  s e i s m i c  v e l o c i t y  w h i c h  p r e d o m i n a t e s  
a t  t h e  b a s e  of  t h e  p o s t - - m i n e r a l  s e q u e n c e  i s  a b o u t  1 0 , 0 0 0  f p s ,  a n d  t h i s  h a s  
b e e n  t h e  v e l o c i t y  u s e d  to  c o m p u t e  t h e  d e p t h  to  t h e  p r e - m i n e r a l  r o c k s .  

M a p p i n g  F a u l t s  

In  t h i s  p r o j e c t ,  m a p p i n g  f a u l t s  i s  c r i t i c a l l y  i m p o r t a n t  in  t h e  i n t e r -  
p r e t a t i o n  of  t h e  s e i s m i c  d a t a .  P r e - m i n e r a l  f a u l t s  do  n o t  t r a n s e c t  t h e  
W h i t e t a i l  C o n g l o m e r a t e  or  t h e  A p a c h e  L e a p  Tuf f .  H e n c e  t h e  u p w a r d  t e r -  
m i n a t i o n  of  t h e s e  f a u l t s ,  i f  p r o p e r l y  i d e n t i f i e d ,  c a n  be  u s e d  to  i n t e r p r e t  t h e  
d i s c o n t i n u i t y  e x i s t i n g  a t  t h e  t o p  of  t h e  p r e - m i n e r a l  a s s e m b l a g e .  P o s t - m i n -  
e r a l  f a u l t s  a f f e c t  g r e a t l y  t h e  c o n f i g u r a t i o n  of  t h e  u n c o n f o r m i t y  a t  t h e  t o p  
of  t h e  p r e - m i n e r a l  a s s e m b l a g e ,  s o  t h e  m o v e m e n t  on  t h e s e  s t r u c t u r e s  m u s t  
be  k n o w n  in o r d e r  to m a p  t h e  t o p  of  p r e - m i n e r a l  r o c k .  

Both p r e - m i n e r a l  a n d  p o s t - m i n e r a l  f a u l t . s t r u c t u r e s  a re  i n t e r p r e t e d  
f rom t h e  s e i s m i c  d a t a  t a k e n  a l o n g  t h e  s e i s m i c  t r a v e r s e s .  An e a s t e r l y  
s t r i k e  i s  a s s u m e d  on  t h e  p r e - m i n e r a l  f a u l t s  a n d  g e n e r a l l y  n o r t h e r l y  s t r i k e s  
a r e  a s s u m e d  on  t h e  p o s t - m i n e r a l  f a u l t s .  The b a s i s  f o r  t h e  s t r i k e  o f  t h e  
p r e - m ~ n e r a l  f a u l t i n g  ~s t h e  e a s t e r l y  s t r i k e  of  t h e  M a g m a  f a u l t  a n d  t h e  
e a s t - t r e n d i n g  m i n e r a l  b e l t  w h i c h  h a s  b e e n  m a p p e d  a n d  r e c o g n i z e d  by m a n y  



to e n c o m p a s s  t h e  m a j o r  o re  d e p o s i t s  a t  S u p e r i o r ,  A r i z o n a ,  to  t h e  w e s t  a n d  
t h e  G l o b e - M i a m i  a r e a  to  t h e  e a s t .  The n o r t h e r l y  s t r i k e s ,  a n d  t h e  d i p s  o f  
t h e  p o s t - m i n e r a l  f a u l t s  a re  i n t e r p r e t e d  from t h e  r a t h e r  s p a r c e  s e i s m i c  c o v e r -  
a g e  a t  h a n d ,  from f a u l t i n g  m a p p e d  a t  t h e  s u r f a c e  by  P e t e r s o n ,  D. M/. 
a n d  f rom dri l l  h o l e  d a t a  m a d e  a v a i l a b l e  to t h i s  o f f i c e .  

Seismic Section C-C' 

P r e - m i n e r a ]  Rock U n i t s  

The elevation of the unconformity at the top of the pre-mineral rock 

ranges from about 400 feet at Station 1,500 down to about -300 feet at 
.?,- -~ 

Station 3,500. The configuration of the unconformity~f~elatlvely flat. 

R e f l e c t i o n  d i s c o n t i n u i t i e s  i n d i c a t e  the p r e s e n c e  of s t r a t i f i e d  rock  
u n i t s  i m m e d i a t e l y  b e l o w  t h e  u n c o n f o r m i t y  a t  t he  top  of  t h e  p r e - m i n e r a ]  
u n i t s .  T h e s e  u n i t s  a re  t h o u g h t  to  be  s e d i m e n t a r y  f o r m a t i o n s  of P a l e o z o i c  
a n d  P r e c a m b r i a n  a g e ,  p o s s i b l y  i n t r u d e d  by  d i a b a s e  s i l l s  and  d i k e s .  

(1969), 

P r e - m i n e r a l  F a u l t s  

At l e a s t  t h r e e  s t r u c t u r e s  i n t e r p r e t e d  to be p r e - m i n e r a l  f a u l t s  a p p e a r  
b e t w e e n  S t a t i o n  2 , 0 0 0  a n d  S t a t i o n  4 , 0 0 0  on Line  C.  The l a r g e s t  of  t h e s e  
s t r u c t u r e s  i n t e r s e c t s  t h e  u n c o n f o r m i t y  at  t he  top  of t he  p r e - m i n e r a l  a s s e m -  
b l a g e  at  S t a t i o n  3 , 5 0 0 ,  d i s p l a c i n g  t h e  u n c o n f o r m i t y  a b o u t  200 f e e t  d o w n -  
w a r d  on the  s o u t h  s i d e .  Be low t h e  u n c o n f o r m i t y ,  t h e  s e i s m i c  d i s c o n t i n u i t i e s ,  
w h i c h  p r o b a b l y  r e p r e s e n t  b e d d i n g  in P a l e o z o i c  and  P r e c a m b r i a n  s t r a t a ,  a r e  
d i s p l a c e d  a b o u t  1 , 0 0 0  f e e t  down on the  s o u t h  s i d e .  A p o s s i b l e  s p e c u l a t i o n  
m i g h t  be m a d e  c o n c e r n i n g  t h i s  s t r u c t u r e ,  t h a t  i s  i t  m igh t  be the  e a s t e r l y  e x -  
t e n s i o n  of  t h e  M a g m a  f a u l t .  T h e r e  a re  t w o  p r e - m i n e r a l  f a u l t s  to  t h e  s o u t h  
of t h i s  s t r u c t u r e ;  s p e c u l a t i n g  a g a i n ,  p o s s i b l y  b e i n g  c o r r e l a t i v e  w i th  t h e  
South  Branch  v e i n  a t  t h e  M a g m a  m i n e  or  t h e  Lake  S u p e r i o r  a n d  A r i z o n a  v e i n .  
A p r e - m i n e r a l  d i s c o n t i n u i t y  to  t h e  no r th  of  t h e  l a r g e s t  s t r u c t u r e  a p p e a r s  to  
h a v e  s l i g h t  r e v e r s e  m o v e m e n t .  The e l e v a t i o n  of  t h e  d i s c o n t i n u i t y  at t he  
top  of  p r e - m i n e r a l  rock  a t  t h e  l a r g e s t  s t r u c t u r e  a p p e a r s  to  be  a b o u t  - 2 5 0  f e e t .  

Pc s t - m i n e r a l  Faults 

Three post-mineral, normal faults intersect the top of the pre-mineral 
assemblage at, from south to north, Station 1,500, Station 2,600, and 

Station 3,400. The strikes of the faults at Stations 1,500 and 2,600 range 

from 20 ° to 30 ° west of north. The strike of the fault at Station 3,400 is 

about N35E. The intersection of these faults appear to form ~he corner of 

a block which has been down-thrown to the east. The largest of the pre- 

mineral faults appears to be intersected by the post-mineral fault at Sta- 
tion 3,400. 



S e i s m i c  S e c t i o n  a t  S e c t i o n  5 

Pre-mineral Rock Units 

S e i s m i c  r e a d i n g s  i n d i c a t e  t h e  e l e v a t i o n  of  t h e  top of  p r e - m i n e r a l  rock  
to  r a n g e  from 1 , 3 0 0  f e e t  down to 800 f e e t  a l o n g  one  s e t  of  r e f l e c t i o n  p o i n t s ,  
a n d  from 1 , 3 0 0  f e e t  down to  900 f e e t  on  a n o t h e r  s e t  of  r e f l e c t i o n  p o i n t s  
r o u g h l y  p a r a l l e l  and  a b o u t  500 f e e t  to t h e  e a s t  of  t h e  f i r s t  s e t .  B e c a u s e  of  
c u r v a t u r e  in  t h e  l i n e  of  s e i s m i c  s e n s o r s ,  a n o r t h w e s t  s t r i k i n g  p o s t - m i n e r a l  
f a u l t  w a s  c u t  t w i c e  b y  bo th  s e t s  of  r e f l e c t i o n  p o i n t s .  The top  of  p r e - m i n e r a l  
r o c k  is  d o w n t h r o w n  t o  t h e  n o r t h e a s t  from 100 to 250 f e e t  or  m o r e .  

N e a r l y - p a r a l l e l  l i n e s  of r e f l e c t i o n  e v e n t s  s u g g e s t  t h a t  t h e  p r e - m i n e r a l  
a s s e m b l a g e  i s  c o m p r i s e d  of  s t r a t i f i e d  r o c k  u n i t s ,  p r o b a b l y  i n  l a r g e  pa r t  
P a l e o z o i c  a n d  P r e c a m b r i a n  s e d i m e n t a r y  f o r m a t i o n s .  A s i n u o u s ,  bu t  f a i r l y  
c o n t i n u o u s  r e f ] . ec t ion  e v e n t  c a n  be  t r a c e d  d i s c o r d a n t l y  a c r o s s  t h e  s t r a t i f i e d  
r e f l e c t i o n  e v e n t s ,  This  d i s c o r d a n t  e v e n t  d i p s  to t h e  s o u t h  and  a p p e a r s  to  
be  o f f s e t  or  a t  l e a s t  i n f l u e n c e d  by  p r e - m i n e r a l  s t r u c t u r e s .  T e n t a t i v e l y ,  
t h i s  e v e n t  i s  i n t e r p r e t e d  to  be t h e  top  or  b a s e  of a d i a b a s e  i n t r u s i v e .  

P r e - m i n e r a l  F a u l t s  

Two p r e - m i n e r a l  f a u l t s  a re  i n t e r p r e t e d  in  .the i n t e r v a l  b e t w e e n  S t a t i o n  
1 , 4 0 0  and  S t a t i o n  2 , 2 0 0  on o n e  l i n e  of r e f l e c t i o n  p o i n t s  and  in  t h e  v i c i n i t y  
o f  S t a t i o n  t ,  600 and  S t a t i o n  2 , 0 0 0  on the  o t h e r  l i n e  of  p o i n t s  to t he  e a s t .  
The e a s t e r l y  s t r i k e s  of t h e s e  two s t r u c t u r e s  w e r e  s u b s e q u e n t l y  i n f e r r e d  from 
t h e i r  i n t e r s e c t i o n s  w i t h  t h e  two l i n e s  of  r e f l e c t i o n  p o i n t s ,  

P o s t - m i n e r a l  F a u l t s  

The  m a i n  p o s t - m i n e r a l  s t r u c t u r e  i s  r e f e r r e d  to a b o v e  in  t h e  f i r s t  p a r -  
a g r a p h  u n d e r  P r e - m i n e r a l  Rock U n i t s .  

S e i s m i c  S e c t i o n  a t  I-1 

P r e - m i n e r a t  Rock U n i t s  

A c c o r d i n g  to  t h e  s e i s m i c  d a t a ,  p r e - m i n e r a l  rock  i s  e n c o u n t e r e d  a t  
e l e v a t i o n s  r a n g i n g  from 2 , 3 0 0  f e e t  d o w n  to  1 , 1 0 0  f e e t  a l o n g  t h i s  s e i s m i c  
s e c t i o n .  Dr i l l  h o l e  t -1  i s  a t  t h e  s o u t h  e n d  of  t h e  s e c t i o n  a n d  h e r e ,  t h e  
s e i s m i c  d a t a  c o r r e l a t e s  w e l l  w i t h  t h e  dr i l l  h o l e  d a t a .  B e t w e e n  S t a t i o n  0 
a n d  S t a t i o n  2 , 5 0 0  and  t h e  nor th  e n d  of the  t r a v e r s e  a t  S t a t i o n  3 , 5 0 0 ,  t he  
u n c o n f o r m i t y  i s  s t e p - f a u l t e d  u p w a r d  to the  nor th  from an e l e v a t i o n  of  
1 , 3 0 0  f e e t  to an  e l e v a t i o n  of 2 , 3 0 0  f e e t .  

The r a n d o m  n a t u r e  of t h e  s e i s m i c  d i s c o n t i n u i t i e s  in t he  p r e - m i n e r a ]  
a s s e m b l a g e  s u g g e s t  t h a t  t h e  Pinal  S c h i s t  of P r e c a m b r i a n  a g e ,  .probably  



c u t  by  i n t r u s i v e s  of P r e c a m b r i a n  and  L a r a m i d e  a g e ,  i s  t he  p r e d o m i n a n t  
rock  t y p e .  

P r e - m i n e r a l  F a u l t s  

Two n e a r l y - v e r t i c a l  p r e - m i n e r a l  d i s c o n t i n u i t i e s  w e r e  p l o t t e d  - -  one  
n e a r  S t a t i o n  1 , 2 0 0  and  the  o t h e r  n e a r  S t a t i on  3 , 2 0 0 .  T h e s e  s t r u c t u r e s  
a r e  b e l i e v e d  to be  f a u l t s .  

P o s t - m i n e r a l  F a u l t s  

P o s t - m i n e r a l  no rma l  f a u l t i n g  o f f s e t s  t h e  top of t he  p r e - m i n e r a l  a s s e m -  
b l a g e  at S t a t i o n  1 , 0 0 0 ,  S t a t i o n  2 , 0 0 0 ,  S t a t i o n  2 , 6 0 0  and  S t a t i o n  3 , 2 0 0 .  
The n o r t h w e s t  s t r i k e  of  t he  f a u l t s  a t  S t a t i o n  2 , 6 0 0  and  S t a t i o n  3 , 2 0 0  w a s  
a s c e r t a i n e d  by  o b s e r v a t i o n  of  t h e i r  p r e s e n c e  a long  two n e a r l y  p a r a l l e l  
l i n e s  of  r e f l e c t i o n  p o i n t s .  D i s p l a c e m e n t  on bo th  t h e s e  f a u l t s  i s  in  t h e  
o r d e r  of two  h u n d r e d  f e e t ,  t he  s o u t h  s i d e  b e i n g  d o w n - t h r o w n .  D i s p l a c e m e n t  
on t h e  o t h e r  two  f a u l t s  a p p e a r s  to be  l e s s  t h a n  100 f e e t ,  a g a i n  t he  s o u t h  
s i d e  d o w n t h r o w n .  

S e i s m i c  S e c t i o n  at  S e c t i o n  4 

P r e - m i n e r a l  Rock U n i t s  

The top  of  p r e - m i n e r a l  rock  i s  i n t e r p r e t e d  to be  b e t w e e n  e l e v a t i o n  800 
a n d  1 , 7 0 0  a l o n g  t h i s  t r a v e r s e .  Both p r e - m i n e r a ]  a n d  p o s t - m i n e r a l  f a u l t s  
a r e  in e v i d e n c e ,  t he  p o s t - m i n e r a l  f a u l t s  h a v i n g  a l a r g e  e f f e c t  on  t h e  
t o p o g r a p h y  of t h e  s u r f a c e  of  t h e  p r e - m i n e r a l  rock°  A g r e a t e r  d e n s i t y  and  
c o n t i n u i t y  of r e f l e c t i o n  e v e n t s  a t  t h e  p r e - m i n e r a l  s u r f a c e  i n d i c a t e  the  
p r e s e n c e  of s t r a t i f i e d  or t a b u l a r  r o c k  u n i t s .  T h e s e  u n i t s  a re  b e l i e v e d  to 
be s e d i m e n t a r y  and  v o l c a n i c  u n i t s  of  P a l e o z o i c  a n d / o r  P r e c a m b r i a n  a g e ,  
bu t  t h e y  migh t  a l s o  be  a s e r i e s  of  g e n t l y - d i p p i n g ,  t a b u l a r  d i s b a s e  i n t r u s i o n s  
in P ina l  S c h i s t .  T h e s e  u n i t s  a p p e a r  to  a t t a i n  a t h i c k n e s s  in e x c e s s . o f  2 , 0 0 0  
f e e t  a t  t h e  s o u t h  end  of  t h e  t r a v e r s e ,  but  s e e m  to  p i n c h  out  to l e s s  t h a n  500 
f e e t  a t  t h e  no r th  e n d .  The r o c k  u n d e r l y i n g  t h e s e  u n i t s  is  i n t e r p r e t e d  to be 
P ina l  S c h i s t ,  p o s s i b l y  i n t r u d e d  by  P r e c a m b r i a n  d i a b a s e  and  L a r a m i d e  g r a n i t i c  
r o c k .  

P r e - m i n e r a l  F a u l t s  

P r e - m i n e r a l  f a u l t  s t r u c t u r e s  a re  i n t e r p r e t e d  at  S t a t i o n  2 , 8 0 0  and  S t a t i o n  
4 , 5 0 0 .  S e v e r a l  n o r t h e a s t - t r e n d i n g ,  m i n e r a l i z e d  s t r u c t u r e s  h a v e  b e e n  m a p p e d  
in P ina l  S c h i s t  w h e r e  i t  c r o p s  a b o u t  5 m i l e s  to  t h e  e a s t  and  h o r t h e a s t  of  t h i s  
t r a v e r s e  ( P e t e r s o n ,  N.  P. ,  1961) .  The f a u l t  e n c o u n t e r e d  at  S t a t i o n  2 , 8 0 0  
a p p e a r s  to  be  v e r t i c a l ,  t he  no r th  s i d e  d o w n t h r o w n  a b o u t  100 f e e t .  The f a u l t  
a t  S t a t i o n  4 , 5 0 0  a p p e a r s  to d ip  v e r y  s t e e p l y  to t he  n o r t h ,  t h e  s o u t h  s i d e  
b e i n g  d o w n t h r o w n  a b o u t  100 f e e [ .  



P o s t - m i n e r a l  F a u l t s  

T h r e e  pos t -mine~ i s l  f a u l t s  w e r e  m a p p e d  from t h e  s e i s m i c  d a t a .  B e c a u s e  
of  t h e  l a c k  of a p a r a l l e l  s e t  of  r e f l e c t i o n  p o i n t s ,  t h e  s t r i k e s  of  t h e s e  
s t r u c t u r e s  a r e  v e r y  q u e s t i o n a b l e ,  b e i n g  b a s e d  on s p a r c e  g e o l o g i c  d a t a .  O n e  
r a t h e r  l a r g e  no rma l  f a u l t  i n t e r s e c t s  t he  top of  p r e - m i n e r a l  rock  at  S t a t i o n  
2 , 3 0 0 .  Wi th  a n o r t h w e s t  s t r i k e  b e i n g  i n f e r r e d  on t h i s  f a u l t ,  t h e  s o u t h w e s t  
s i d e  i s  d o w n t h r o w n  a b o u t  500 f e e t .  Ano the r  r a t h e r  l a r g e  no rma l  f a u l t  ts  a t  
S t a t i o n  4 , 0 0 0 ;  t h e  i n f e r r e d  s t r i k e  i s  due  nor th  and  t h e  e a s t  s i d e  i s  d o w n -  
t h r o w n  a b o u t  300 f e e t .  A f a u l t  w i t h  l e s s  m o v e m e n t  w a s  m a p p e d  a t  S t a t i o n  
5 , 2 0 0 ,  t h e  i n f e r r e d  s t r i k e  b e i n g  d u e  nor th  and  t h e  e a s t  s i d e  b e i n g  d o w n -  
t h r o w n  a b o u t  100 to 200 f e e t .  It s e e m s  q u i t e  p o s s i b l e  t h a t ,  t he  f au l t  a t  
S t a t i o n  2 , 3 0 0  m i g h t  be  a b r a n c h  of  t he  l a r g e  n o r t h - t r e n d i n g  M a r g a r e t  f a u l t  

zone. 

~ J  
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E X P L O R A T I O N  SE.~V~C,~_.S D | V I S I O N  
3422 Sou'rz~ 700 ~4rEST 

SALT LAKE CITY, UTAIt 84119 

June 8, 1971 

FILE MEMORANDUM 

COOKSLEY SEISMIC PROGRAM 

SUPERIOR EAST 

In the latter part of May, Wayne Farley and I spent a day with Mr. 

Jim Cooksley who is conducting a contract seismic reflection survey 

for ASARCO on portions of the Superior East ground in Arizona. V/e 

visited his survey crew in the field, and had extensive discussions with 

him regarding his equipment, the computer handling of the data, and his 

own eye-ball interpretation of the computer seismograms. 

Cooksley represents one of the very few geophysical contractors who 

offers seismic reflection service for mining exploration projects and who 

has had appreciable experience in this work. He utilizes convential IZ- 

channel equipment which has seen common usage in the last decade in 

oil exploration. The seismic recordings are made on both photosensitive 

paper and magnetic tape. 

The magnetic tape is sent to a Pittsburg computer service which 

handles the data in a conventional manner, such as has been used in oil 

explo ration. 

Cooksley appears to me to be conscientious, and sincere in his belief 

that his interpretations are meaningful. However, in view of the complex 

nature of the Superior section there is doubt in my mind as to a consistent 

accuracy, in his correlation of seismic events with particular 6eo_~ ~gic 

horizons, or even in his correlation of seismic character from one record 

to another° 

The computer service gives Cooksley a value for seismic velocities 

in the section, determined from an energy spectrum which is derived from 

the seismograms. (The velocity which one assumes for a given section 

determines the value of the depth determination for a seismic event). At 

hole MIA Cooksley interpreted the premineral rock to be at about ZOO0 feet 

by utilizing an intuitive value for velocity in the Whitetail. Drilling shows 

<<J 
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the depth to be in excess of 3500 feet. Had Cooksley relied on the 

"computer velocity" he would have interpreted the depth at 3600+ feet. 

It is obvious that Cooksley's interpretation in uncontrolled areas 

should be taken with some skepticism, however, his results should be 

much more reliable when he uses his data to interpolate geology between 
drill holes reasonably close together. Also his interpretations should 

improve with experience in a given area. 

I would personally like to see Cooksley test his work at Sacaton to 

determine whether he could "see" bedrock through alluvium and the Gila 
conglome rate. 

C K M : a m  

cc: W. E. Saegart 

W. L. llurtz 

J. Sell %~/:~ 

W. G. Farley 

R. D. Falconer 

6[ 
C. I~. MOSS 

/ -, 

\.< / 

-2- 



C .  K .  M O S S  
CHIEF" G E O P H Y S I C I S T  

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  
E X P L O R A T I O N  S E R V I C E S  DIV IS ION 

3 4 2 2  SOU3H 7 0 0  W E S T  

SALT LAKE CITY, UTAH 84119 

July 30, 1971 

Mr. James Cooksley 
601 North 4th Avenue 
Tucson, Arizona 

Dear Jim : 

Our Jim Sell has made the suggestion that you 
advise him when your new hydrophone comes in. At 
that time you could consider shooting a velocity record 
on the present hole at Superior at whatever depth is 
available at the time. 

The drilling would simply be interrupted long 
enough for your work. 

Gl~lM:am 

Your s very truly, 

C. K. M O S S  

cc: V/. L. Kurtz/j 

J. D. Selli:~ 



E X P L O R A T I O N  S E R V I C E S  D I V I S I O N  
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C O M P A R I S O N  OF SEISMIC EXPLORATION RESULTS 

FROM DATA O N  THREE DEEP DRILL HOLES,  

SUPERIOR EAST PROJECT NEAR SUPERIOR,  ARIZONA 

IN TRO DU.C TIO N 

E x p e r i e n c e  g a i n e d  s i n c e  J a n u a r y ,  1970 ,  h a s  shown,  t h a t . s e i s m i c  re f  e@Llons 
c a n  b e  o b t a i n e d  f rom s u b s u r f a c e  g e o l o g i c  u n i t s  [ n t h e  d a c i t e  p l a t e a u  a r e a  
e a s t  o f  S u p e r i o r ,  A r i z o n a .  In t h i s  a r e a ,  t h e  o l d e r ,  p r e - m i n e r a t  r o c k  u n i t s  

' ~ o f  T e r t i a r y  a g e .  a r e  c o v e r e d  b y  c o n g l o m e r a t e  a n d  v o l c a n i c  ro¢k (the d a c i t e " ,  
T h e  p o s t - m i n e r a l  s e c t i o n  a t t a i n s  a t h i c k n e s s  in  e x c e s s  o f  6,000 f e e t  a t  d r i l l  
h o l e  A-4  w h i c h  i s  n e a r  t h e  g e o m e t r i c  c e n t e r  o f  t h e  d a c i t e  pI~a teau  ; A b o u t  
t w o  ( 2 . ) m i l e s  n o r t h  o f  A-4., d r i l l  h o l e  M - 1  e n c o u n t e r e d  4 , 8 9 8  f e e t  of  t h e  
p o s t - . m i r i e r a I  s e c t i o n .  To t h e  e a s t ,  h o w e v e r ,  i o a r t i c u l a r I y  e a s t  o f t h e  M a r g a r e t  
f a u l t ;  t h e  p o s t - m i n e r a l  s e c t i o n  i s  m u c h  t h i n n e r ,  e . g .  a b o U f 3 , 0 0 0 S e e t  in  
d r i l l  h o l e  I - 1  a h d  a b o u t  1 ,500 .  f e e t  in  d r i l l  h o l e  D©A 2.  

The  n o r m a l  p o s t - m i n e r a l  s e q u e n c e  e n c o u n t e r e  d i n  t h e  d r i l l  h o l e s  c o m p l e t e d  
to  d a t e  c o n s i s t s  o f . . d a c i t i c  t u f f  w h i c h  ove f - l i e s  a n  o l d e r  v o l c a n i c  s e c t i o n  of  
a n d e s i t i c  ~lov~.7 a n d  p y r o c t a s t i c  rock. .  The older .  V o l c a n i c  u n i t  i s  l o c a l l y  a b s e n t .  
T h e s e : v o l c a n i c  r o c k s  c o m m o n l y  a t t a i n  a c o m b i n e d  t h i c k n e s s  o f  2 , 0 0 0  f e e t  
a n d t h e y  o v e r l i e  t h . e W h i ~ e t a i t  C o n g l o m e r a t e  w h i c h  h a s  a t h i c k n e s s ,  o f  a b o u t  
.4 ,000  f e e t  a t  d r i l l  h o l e  A - 4 ,  b u t  p i n c h e s  o u t  t o : t h i c k n e s s e s  r a n g i n g  f rom ntI  
to  a f e w  h u n d r e d  f e e t  in  a d i s t a n c e  O.f o n l y  t h r e e  m i l e s  t o - t h e w e s t  a n d  to t h e  
e a s t .  T h e  t h i c k n e s s  of  t h e  W h i t e t a i l  a p p e a r s  to  be i n f l u e a c e d  s t r o n g l y  by  
b l o c k f a U t t i ~ g  occur r ing . :  d u r i n g . - t h e  p e r i o d  o f  d e p o s i t i o n .  

At t h e  w e s t e r n - e - d g e  o f . t h e  d a c i t e  p l a t e a u ,  t h e  p r e - m i n e r a l  rock.s  c o n s i s t  
o f  P a . l e o z o i c  s e d i m e n t a c y  f o r m a t i o n s  a n d  P rec : ambr i an  s e d i m e n t a r y  a n d  v o l c a n i c  
s t r a t a  w h i c h  h a v e  b e e n  i n t r u d e d  by  d i aba - se  s i l t : . s ,  tn  t h e  e a s t e r n  p o r t i o n  of 
t h e  d a C i t e  p l a t e a u  t h e  p r e : - m i n e r a t  a s s e m b l a g e  C o n s i s t . s  m a i n l y ,  of  .Pinal  S c h i s t  
a n d  S c h u l t z e  G r a n i t e  . . . . . . . . . . . . . . . . . .  . - 

S e i s m i c  r e f l e c t i o n s  o r i g i n a t e  a t  t h e  t o p s  .of t h e  r o c k  u n i t s  .of b o t h  t h e  
p o s t - a n d  p r e - m i n e r a l  a s s e m b l a g e s .  The b e t t e r  r e f l e c t i o n s  a r e  n o r m a l l y  a s s o c i a t e d  
w i t h  t h e  t o p  o f  t h e  Whi te ta i .1  C O n g l o m e r a t e ,  t h e  t op  .of p r e - m i n e r a l  r o c k ,  a n d  
some .  o f  t h e  u n i t s  w i t h i n  t h e  p r e - m . i . n e r a l - a s s e m b l a g e .  

U n u s u a l l y h i g h s e i s m i c  v e l o c i t y  fn t h e . W h i t e t a i l  C o n g l o m e r a t e  h a s  l e d  
t o  e r r o n e o u s  s e i s m i c  d e p t h  m e a s u r e m e n t s  to  t h e  t o p  of  t h e  p r e -~mine ra l  •rock 
u n i t s  u n d e r l y i n g  t h e  d a c i t e  p l a t e a u .  C o m p u t a t i o n s  o f  d e p t h s  to  p r e - m i n e r a l  
r o c k  m a d e  in  t h i s  a r e a  :during ~ a n u a r y - F e b r u a r y . ~  t.97.0, w e r e  b a s e d  on a n  
a v e r a g e  v e l o c i t y ,  o f  .6,0.00 l ips e x i s t i n g  b e t w e e n  t h e  . s u r f a c e  .of t h e  g r o u n d  a n d  

1 
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t h e  t o p  o f  p r e - m i n e r a l  r o c k .  The v e l o c i t y  of  6 , 0 0 0  f p s  w a s  d e r i v e d  f rom 
c o r r e l a t i o n  o f  t i m e s  of  s e i s m i c  e v e n t s  m e a s u r e d  a t  S e i s m i c  L ine  A c o n d u c t e d  
on t h e  M a r g a r e t  C l a i m  G r o u p  d u r i n g  J a n u a r y ,  t 9 7 0 ,  w i t h  d e p t h  m e a s u r e m e n t s  
m a d e  a t  d r i l l  h o l e  DCA 2 l o c a t e d  in S e C t i o n  11,  T o w n s h i p  1~$ Range  13 E, n e a r  
t h e  e a s t e r n  e d g e  of  t h e  d a c i i e  p l a t e a u .  H o l e  DCA 2 w a s  u s e d  for  t h e  p u r p o s e  
o f  c o r r e l a t i o n  b e c a u s e  a t  t h e  b e g i n n i n g  of  s e i s m i c  e x p l o r a t i o n ,  DCA 2 w a s  
t h e  o n l y d r i l l  h o l e  i n  t h e .  M a r g a r e t  • C l a i m  G r o u p  t h a t  h a d  e n c o u n t e r e d  p r e - m i n e r a l  
r o c k .  It. s h o u l d  b e  n o t e d ,  h o w e v e r ,  t h a t  in  DCA 2, o n l y  200 f e e t  o f  W h i t e t a i l  
C o n g l o m e r a t e  w a s  e n c o u n t e r e d i n  a t o t a l  p o s t - m i n e r a l  s e c t i o n  in  e x c e s s  o f  

1 , .500 fe-et .  

B e c a u s e  • s u b s e q u e n t  d r i l l i n g  o p e r a t i o n s  p r o v e d  t h a t  t h e  u s e  o f . t h e " 6 , 0 0 0  
f p s  a v e r a g e  v e l o c i t y  t o . p r e - ~ m i n e r a l  r ock  w o u l d  c a u s e  e r ro r  in  c o m p u t i n g  
d e p t h ,  a s t u d y  w a s  c o n d u c t e d  to  a s s e s s  t h e  e f f e c t i v e n e s s  o f  tho :~var ious  
s e i s m i c  comput . t .ng  a n d - s i g n a l  e n h a n c e m e n t . t e c h n i q u e s  a n d  a p r o g r a m  w a s  
d e v e l o p e d  fo r  t h e  p r e p a r a t i o n ,  p r o c e s s . r a g  a n d  c o m p u t i n g  of  t h e  s e i s m i c  
d a t e r T h i s  p r o g r a m  i s  s u b j e c ~  to c o n t i n u o u s  S c r u t i n y  and  d e v e l o p m 6 n t ,  bu t  
i t  h a s  evolv~ed: ifltO w h a t  i s  apt0arent t .y  a u s a b l e  t o o l  f o r  m i n i n g  g e o i 0 g i c a l  
i n v e s t i g a t i o n s  t o  f i n d t h e  ~ e p t h  a n d  s t u d y  t h e  n a t u r e  • o f  p r e - m i n e r a l  r ock  

" " ' 6 7  w h i c h  i s  c o v e r e d b y  t h i c k  s e c t i o n s  of  b a r r e n  p o s t - m i n e r a l  r o ~ k . . . I n c l u a e d  
in  t h i s  p r o g r a m  a r e - v e l o c i t y  p r o f i l e s , ,  f r e q u e n c y  a n a l y s i s , ,  d i g i t a l  f i l t e r i n g ,  
a n d  s t a t i c  a n d  d y n a m i c  c o r r e c t i o n s .  The. p r o g r a m  i S . b u i l t  ~h.ainly a r o u n d  
t h e  V e l o c i t y  p ro f i l e : .  The  v e l o c i t y . p r o f i l e  d e p i c t s . t h e . s e i s m t c  v e l o c i t y  a s  
d e t e r m i n e d  b}~" a d i g i t a l  c o r r e l a t . i o n  t e c . h n i q u e  a.t a n y  t i m e  f rom 0 t 0 : 1  ..0 .(or 
m o . r e ) s e C o n d S : o n t f f e  S e i s m i . c r e c o r - d l  The t i m e  is  C o r r e c t e d t o  n a t u r e .  T h i s  ~- 
p h a s e 0 f t h e  p r o g r a m  i s  u s e d : t o :  " " • . . - 

• " " L :. 

1. e f f e c t  ~the b e s t  d y n a m i c •  c o r r e c t i o n  for  t h e  s e i s m i c  d a t a ,  

2 .  p i c k  se t s . ra ta  r e f l e c t i o n s  a n d  • d e t e c t  " m u l t i p l e  • r e f l e c t i o n s "  
and '.' diffractions", 

3.  m e a s u r e  . se ism: ic  ~¢eiocity.  w i t h o u t  t h e  u s e  of  a d r i l l  h o l e .  
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DEFINITIONS 

In t h e  f o l l o w i n g  d i s c u s s i o n s ,  t he  f o l l o w i n g  d e f i n i t i o n s . a p p l y :  

. a v e r a g e  v e l o c i t y  : t he  a v e r a g e  v e l o c i t y  of  a s e i s m i c  w a v e  
from a p o i n t  in t he  s u b s u r f a c e  to the  g r o u n d  s u r f a c e .  

V a v e  = D e p t h / T i m e  

2.  i n t e r v a l  v e l o c i t y  : the  a v e r a g e  v e l o c i t y  Of a s e i s m i c  w a v e  
w i t h i n  a g e o l o g i c  u n i t ( s ) .  

V i n t e r v a l  = l e n g t h  of  i n t . e r v a l / T i m e  at  b o t t o m  - t ime  a t  t op  

. d o w n h o l e  ( b o t h  a v e r a g e  and  i n t e r v a l )  : Ve loc i t i e . s  
m e a s u r e d  b y  l o w e r i n g  t w o  se i s .m tc  s e n s o r s  d o w n  a d r i l l  h o l e  and  
m e a s u r i n g  the  t r a v e l  t i m e s  of  se~.smic w a v e s  o r i g i n a t i n g  a t  ,the 
s u r f a c e  n e a r  the  Col la r  o f  t he  ..drill h o l e .  

. 4 .  a ve to . c i t y  p r o f i l e ' a t  a .shot  p o i n t  i s  a m e a s u r e  o f  a p p a r e n t  a v e r a g e  
v e l o c i t y  a t  s g i v e n  r e c o r d  t i m e .  It. i s  . b a s e d  on t h e  s t a n d a r d  
f o r m u l a  

T 2 2 

w h e r e  T is  t w o - w a y  r e f l e c t i o n  t r a v e l  t i m e ,  T O i s  two-~way V e r t i c a l  
r e f l e c t i o n  t i m e ,  X : =  s h o t  p o i n t  to  s e n s o r  d i s t a n c e  and  V i s  
a v e r a g e  v e l o c i t y .  In p r a c t i c e ,  c .orretat io:n aCros.s  t r a c e s  is  p e r -  

I r ~ : ~  . f o r m e d  for  e a c h  T O a t . 2 0  ms i n c r e m e n t  a t  .!ria! v e l o c i t i e s  ~ - "  
1 , 0 0 0  to  1 9 ) 0 0 0  f p s  i n 1 0 0  f p s i n o r e m e n t s o  TheX":s  a re  k n o w n  

a n d  e a c h  t r i a l  v e l o c i t y . p r o v i d e S  t h e  ap .p rop r i a t e -T  a b o u t  w h i c h  
a s m a l i  w i n d o w  of. da t a  is' u s e d  in t h e  c o r r e l a t i o n  a n a l y s i s .  ~ " " 
m e a s u r e  o f  the  c o r r e l a t i o n  of  t h e  t r a c e s  f o r  e a c h  t r i a l  v e l o c i t y  
a n d  T O i s  d i s p l a y e d  g r a p h i c a l l y . .  The t h r e e  m a x i m u m  p e a k s  on  
e a c h  of  t h e s e  c u r v e s  i s  i nd t c . a t ed  on  a - s e p a r a t e  c o m p u t e ~  pr in t  
a n d  t h e i r  val<ie i s . . l i s t e d .  T h e o r e t i c a l l y  t h e  h i g h e s t  p e a k  v a I u e s  
c o r r e s p o n d  tO t h e  s t r o n g e s t  S i g n a l  e n e r g y  a n d  a r e  i n d i c a t i v e  o f  
p o s s i b l e  r e f l e c t i o n s  and  t h e  c o r r e s p o n d i n g  a v e r a g e  v e l o c i t y - t o  
t h e  r e f l e c t i o n .  T h e s e  v e l o c i t y  p r o f i l e s  a r e  . i n t e r p r e t e d  to  p r o v i d e  
a m e a s u r e  o f  a v e r a g e  v e l o c i t y  a t  v a r i o u s  r e f l e c t i o n  t i m e s  a n d  
p r o v i d e  the  d y n a m i c  c o r r e c t i o n s f o t l t h e  t r a c e s .  ( C o u r t e s y  o f  
D .  F ink ,  G e n e r a l  A t r o n i c s  Corpo ra t ion . ,  P h i l a d e l p h i a ,  .P~.-) 

yo  
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C O M P A R I S O N  OF S E I S M I C  D I S C O N T I N U I T I E S  W I T H  DRILL HOLE GEOLOGY 

D r i l l  H o l e  M - 1  

In  s u m m e r ,  1 9 7 3 ,  t h e  M - 1  d r i l l  s i t e  w a s  c h o s e n ,  b a s e d  in  l a r g e  p a r t  

u p o n  t h e  f i n d i n g s  o f  t h e  s e i s m i c  w o r k  c o n d u c t e d  • d u r i n g  t h e  p r e c e d i n g  w i n t e r .  
M - 1  w a s  l o c a [ e d  in S e c t i o n  15 ,  T o w n s h i p  1 S . ,  R a n g e  13 E.. U s i n g  t h e  
6 , 0 0 0  f p s  a v e r a g e  v e l o c i t y  d e r i v e d  •from t h e  m e a s u r e m e n t s  t a k e n  a l o n g  ~ .... =.A 
a n d f r o m  d r i l l  h o l e  DCA 2,. a d e p t h  o f  2 , 4 0 0  f e e t  w a s  c o m p u t e d  fo r  t h e  t o p  o f  

p r e - m i n e r a !  r o c k  a l o n g  s e i s m i c  L i n e  N in t h e  v i c i n i t y  o f  M- .1 .  M - t  - - ' * - r e d  
p r o - m i n e r a l  r o c k  a t . a  d e p t h  o f . ~ , 8 9 8  f e e t ,  t w i c e  t h e  d e o t h  c o m p u t e d  f rom 

\ 

t h e  s e i s m i c  w o r k . . U s i n g  t h e f i m e s  of  s e i s m i c  e v e n t s  on. S e i s m i c  L i n e  N,  
a n d  C o m p a r i n g  t h e s e  t i m e s  w i t h  t h e  d e p t h s  O f a e o l o g i c  u n i t s  e n c o u n t e r = c ~  in  

th . .  ~ nea rb l~  M - 1  dril~, h o l e ,  t h e  a v e r a g e  ve loc i ty . ,  f rom g r o u n d  S u r f a c e  to  ;~._~..~ +~~.~,~, 
o f  p r e - m i n e r a l  r o c k  w a s  c o m p u t e d  to  be  in e x c e s s  o f  1 0 , 0 0 0  f p s  i n s t e a d  of  

, ~;ie hop CI ~ ' t h e  a ~ u m . e d  6 000 f p s ,  In a d d i t i o n  t o  t h i s  t h e  t n f e ~ v a l  v e l o c i t y  f rom 

o f  t h e  ~ . r h i t e t a f !  C o n . g ! o m e r a t e  to. i t s  . ba se .  i s  c o m p u t e d  to b e  I 3 , 0 0 0  fPSo 

. t ..... c ..... f rom M-.1 s h o w s  t h e  15rhi1:~tai!-to be  c o r n ~ r i s e d  I n s p e c t i o n  o f  ;"~ . . . . . . .  s 
o f  t w o  (2) m a i n  i ~ o c k : . t y p e s .  The u p p e r  s e c t i o n ,  a w e ! ! - : b e d d e d  s i l t s t o : . . :  

s e c t i o n ,  . p r d b a b i y  ~oss - r~sses  l e s s  v e l o c i t y  t h a n  tbe  !c,v~,er s e c t i o n ,  a poor ly- -  
b e d d e d  to  n o n - b e d d e d  c o n g l o m e r a t e  s e c t i o n  com~,r i . sed m a i n l y o f  g r a v e l -  to 
c o b b ] . e - s i z e  f r a g m e n t s  Of Pine.! S c h i : s t b o u . n d  t h a  matff>.< w h i c h  i s  d e n s e , .  
sa~{av a n d  wel l . . conso : l id -~+~d ,The cor~tac t  befiwe.<.n t h e s e  s e c t i o n s  s e e m s  

to  b e  r e p r e s e n t e d [  b1 ~ e , " s e l s m ! C  ev.c.~nt 0 s c u r r i n a  a t  0 .  720 s e c o n d s  on  t h e  
t . . . .  c l o s e s t  to  M~-!o S e e  P l a t e  2] A p p e n d ( x A o  Ccv,  o a r i s o n  of  s e ' ~ , - : ' ~  .ra C .-.., - ~- . . . . . .  

m e a s u r e m e n t s  w i t h  -th-~ driU. h o l e  d a t a  s h o w s  kU:,~rva! ~.:elocit-tes Of 8 , 2 0 0  i n s  
a n d  I 5 , f l 5 0  f:ps f o r . t h e  u p p e r  s e c t i o n  a n d  t h e  t:::,~er ~e~. t ion  o f  W h i t e t a i l  
r . e s p e c . t i v e l y .  The r a t t ~ e . r . s u b s t a n t i a l  s e c t i o n  Of t h e  ] . eV, / -ve loc i ty  u p p e r  u n i t  
s t r o n g l y  a f f e c t s  t h e  a v e r a g e  v e l o c i t y  a n d  he~.ce  res~ilt~, in a s o m e w h a t  lar,~e 

r e f l e c t i o n  t i m e  to  t h e  p r e - m i n e r a t ,  r o c k  a~ M = l o  

A r e w o r k i n g  of  tb:= s e i s m i c  : f ie ld  d a t a  on L i n e  N v : a s  i n i t i a t e d u s i n c  the  

m o r e  a d v a n c e d  p r o c a a u r e s  Of t h e  c o m p u t i n g  .p~,~.a~a~ ~ _., d ' s c u s s e d  in t h e  [:~Lro- 

d u c t i o n  of  t h i s  r e p o r t °  I n C l u d e d  in  t h e s e  p r o c e d u r e s  w a s  d e t a i l e d  s t u d y  .of 
v e l o c i t y  .and f r ~ , , ~ n  "~, . ~ _ ~ _ ~ : .  a n d  the_ e m p l o y m e n t ,  of  di:=it.al, f i l t e r i n g  . The ',.m- 

p r o v e m e n t  i n  r e c o r d  ~ '÷ ...... qua_~z~y t e d  t o  a r e v i s i o n  of  t h e  i n t e r p r e t a t i o n  o f  +h~ "L.OD 

: ~ o  " ~ i s m i c  r e c o r d s  f rom a b o u t  n 8 0 0  s e c o n d  to  1 . .nnq of  p r e ~ - m i n e r a i  o n  . . . . . . . .  . . . .  • . . . .  
s e c o n d s  ( P l a t e  2) A e o e n d ' x  A] .  T a b l e  I s u m m a r i z e s t h e  c o m p a r i s o n  o f  d e p t h  

da~a . . a ,  d r i l l  h o l e  Z - . 1 .  

V e l o c i t y  p r o f i l e s  ~--~ ~- ~r~m •Shot  P o i n t s  1 a n d  o on  L i n e  N i n d i c a t e  t h e  a v e r a g e  

. v e l o c i t y  to t h e  t o p • o f  p r o - m i n e r a l  r o c k  i s  a b o u t  1 O , ! 0 . ?  f p s .  S e e  P l a t e  ! 
" ~ ~ ' t i m e  o f  r e f l e c t i o n  o f  1 N Cn a n d  2 in  A p p e n d i x  B o U s i n g  Lh,.s v e l o c i t y  a n d  a . . . .  



v 

s e c o n d s ,  l e s s  O. 100 s e c o n d  to  C o r r e c t  f r om d a t u m  to  g r o u n d  s u r f a c e ,  t h e  
d e p t h  to  p r e - m i n e r a l  i s  : 

1 . 0 6 0  s e c .  - 0 . 1 0 0  s e c .  
x I0, i00 f ps = 4,800 feet. 

T h i s  c o m p a r e s  We l t  w i t h  t h e  4 , 8 9 8 - f o o t  d e p t h  a s c e r t a i n e d  in  M - 1 .  T a b l e  I 
s u m m a r i z e s  t h e  c o m p a r i s o n  of  d e n t h d a t a  1) a s  o r i g i n a l l y  G o m p u t e d ,  2) a s  
c o m n u t e d  u s i n g  t h e  a v e r a g e  v e l o c i t y  i . n d i c a t e d  b y  t h e  v e l o c i t y  p r o f i l e ,  a n d  
3) : a s  f o u n d  in  M - 1 .  

G E O L O G I C  U N I T  DEPTH (in f e e t )  

S e i s m i c  Dr i l l  H~I<. 

A v e .  V e i .  = 
6 , 0 0 0  f p s  f rom 
DCA 2 

Ave. Vel . =  

~.ps i f r o m  Ve lo  
P r o f i l e  

M_~ 

x . _ _ /  

Top  o f  u p p e r  ~ r b i t e t a i ]  
C o n g l o m e r a t e  (0~580  s e c  ~ i,,740 ° 280 o ~.s~ 

ave. .  yell= 

7~ 500  fps 

Ton Of l o w e r  W h t t s t a t ! .  
C o n g l o m e r a t e  (0 o ~n~, ..:..: sec )  ,,e 0 + 2 , 2 2 0  " . . 2 , 9 6 0  3, ~ .  

ave. vel.: 

~, 000 fps 

Top of pre-minerai 
assemblage (0.9<50 see ~, 2 , 8 8 0  a., 8.00 -.~-, 998  

ave. vel. : 

I0, i00 fPS 

Table I. ~ Comparison of depths to tops of <tpper ~fhitetail Conglomerat,-:, 

lower ~A/hitetail Conglomerate and pre-mineral rock as determined seas- 

mica]ly (using average velocity = 6,000 f ps and using average velOOity 

from velocity profile]with thosedetermined in drill hole M-I. 

/ 
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D r i l l  H o l e  I - 1  

A n o r t h - s o u t h  s e i s m i c  t r a v e r s e ,  S e i s m i c  L i n e  I - l ,  w a s  l o c a t e d  in  t h e  

e a s t e r n  p o r t i o n s  o f  S e c t i o n  35 a n d  26 o f  T o w n s h i p  1 N'.., R a n g e  13 E.  O n e  
o f  t h e  m a i n  p u r p o s e s  of t h i s  t r a v e r s e  w a s  to  p r o v i d e  s e i s m i c  d a t a  w h i c h  

c o u I d  be  c h e c k e d  a g a i n s t  t h e  d r i l l i n g  d a t a  o b t a i n e d  f rom t h e  d r i l l  h o l e  I : . l ,  
Lne s o u t h  e n d  of  t h e  s e i s m i c  l i n e .  The t r a v e l  t i m e s  o f  w h i c h  is  l o c a t e d  a t  . . . .  " 

t h e  s e i s m i c  d i s c o n t i n u i t i e s  i n t e r p r e t e d  to  be t h e  t o p s  o f  W h i t e t a i l  C o n g l o -  
m e r a t e  a n d  t h e  p r e - . m i n e r a l  a s s e m b l a g e  w e r e  a s c e . r t a t n e d  f rom t h e  s e i s m i c  
r e c o r d  s e c t i o n ,  a n d ,  using t h e  V e l o c i t y  profN.e ~rom L,~:: s h o t  p o i n t s  c l o s e s t  

to  d r i l l  •hole t - l ,  t h e  a v e r a g e  v e l o c i t i e s  to  t h e s e  d i s c o n t i n u i t i e s  w e r e  i n -  
1 ' . a "  

t e r p r e t e d .  S e e  P l a t e s  3 a n d  4 i n A p p e n d i x  B o U s i n g  a v e r a g e  ve~ocz~.~es o f  

7 ,000 .  f p s  a t t h e  t o p  ol t h e  W h i t e t a i l  C o n g l o m e r a t e  a n d  1 0 , 6 0 0  f p s  a t  t h e  
t o p  o f  n r e m i n e r a l  d i a b a s e ,  t h e  d e p t h s  o f  t h e  r . e f l e c t i o P  e v e n t s  r e p r e s e r : i t i n g  

t h e  t o p s  o f  t h e  u n i t s  w e r e .  c o m o u t e d  a n d  f o u n d  t o  c o r r . e t a t e  w e l l  w i t h  t h e  

d r i l l  • h o l e  d a t a  • . S e e  P l a t e  3,  A p p e n d i x  A. 

T h u s  g o o d  c o r r e l a t i o n  o f  t h e  s e i s m i c  d a t a  w i t h  t h e  d r ] l i  h o l e  d a t a  w a s  
• . t,_e..~ ve.tOci_tv j~ ro f i i e  to  e s t i m a t e  t h e  a v e r a g e  v e l o c i t i e s  a c h i e v e d  by  u s i n g  ' 

w h i c h  w e r e  u s e d  t o . c o m p u t e  t h e  d e p t h s  to  t h e  t~.~ .... of  t h e  W h i t e t a i l  Cc  . . . . . .  
mera- te  a n a  t h e  pre  _.,.~: .... a!  r o c k s .  NO d r i l t  h o l e  d a t a  ,.,,.,as u s e d  to  c o m p u t e  

t h ~ , ~  d e p t h s  The  f o i l . o w i n g  s u m m a r i z e s  t h e  c o m o a  ~ -  o f  d e p t h d a t a  a t  

d r i l l  h o l e  t - t :  

G E O L O G I C . U N I T  DEPTH " 

S e i s m i c  T - T  ~ - Dri l l  ~,o1~ T-t  

TOp o f  W h i t e t a i l  C o n g l o m e r a t e  1 260 f ..... L 1 , 1 0 5  f e e t  

Top  o f  p r e - m i n e r a ]  a s s e m b l a g e  3,070 f e e t  2; 939 f e e t  

T a b l e / I t , .  Comi~ar.~.o. .  o f  d ~ p t h s  to  t o p s  o f  tArh i t e t a i l  C o n g l O m e r a t e  a n d  
p r e - m i t i e r a l  r o c k  a s  d e t e r m i n e d  s e i s m i c a l l y  w i t h  t h o s e  d e t e r m i n e d  i n  

d r i l l  h o l e  I - . l  . 



Dri l l  H o l e  A-4  

A s e i s m i c  r e f l e c t i o n  e v e n t  i n t e r p r e t e d  to be t h e  t o p  of p r e - m i n e r a l  r o c k  
t a k e s  p l a c e  a t  0 . 9 0 0  s e c o n d s  in the  par t  of  S e i s m i c  Line C c l o s e s t  to d r i l l  
h o l e  A - 4 .  -See P l a t e  4, A p p e n d i x  A. At t h i s  po in t  S e i s m i c  Line C is  n e a r l y  
1 , 0 0 0  f e e t  w e s t  o f  A - 4 .  U s i n g  t h e  o ld  e s t i m a t e d  a v e r a g e  v e l o c i t y  of 5,0@0 f p s ,  
the: i n i t i a l  e s t i m a t e  .for t h e  d e p t h  to p r o - m i n e r a l  r o c k  in t h i s  a r e a  w a s  a b o u t  
3 , 0 0 0  f e e t .  Knowing  t h i s  e s t i m a t e  was  w r o n g ,  i t  w a s  dec . tded  to s e n d  the  
d a t a  b a c k  fo r  a d d i t i o n a l  c o m p u t i n g  work  to o b t a i n  a more  d e t a i l e d  a n d  s o m -  
p r e h e n s i v e - a n a l y s i s °  The v e l o c i t y  p ro f i l e  s h o w e d  the  a v e r a g e  v e l o c i t y  in 
t he  0 . 9 0 0 - s e c o n d  po r t i on  of t h e  r e c o r d  to be a b o u t  1 4 , 2 0 0  f p s .  S e e  P la t e  
5 a n d  6 in A p p e n d i x  B. This  s e e m e d  to be e r r o n e o u s l y  h igh  in  v i e w  o f  the  
t 0 , 2 0 0  a n d  1 0 , 1 5 0  fps  a v e r a g e  v e ] . o c i t i e s  to the  top  of  p r o - m i n e r a l  ~:oe]< 
c o m p u t e d  a t d r i l l  h o l e s  M - t  and  I - 1 .  H e n c e ,  t h e  a v e r a g e  v e l o c i t y  of  a b o u t  
1 0 , 0 0 0  fps  to  t h e  top . o f ~ r e ' - m i n e r a l  a t  dr i l l  h o l e s  M-] .  and  t -1  w a s  n o t e d ,  
and  i n c r e a s e d  to  1 1 , 0 0 0  fDs f o r t h e  p u r p o s e  of  r e c o m p u t i n g  Line C and  
e s t i m a t i n g  t h e  d e p t h  to r ) r e - m i n e r a l  a t  A.-4: The 1 1 , 0 0 0  fps  v e l o c i t y  y i e l d s  
a .deo th  O f a b o u t  4 , 4 0 0  f ee t °  If t h e  1 .4 ,200 fr;s V e l o c i t y  f r o m  the  v e l o c i t y  

a n a l y s i s  w e r e  u s e d ,  t h e  d e p t h  w o u l d . b e  5,70.0- f e e t °  

The  t 1 .. 000 fp s  v e l o c i t y  w a s  c h o s e n  as  a c o m p r o m i s e  b e t w e e n  t h e  
tO, 0OO -l-:fps v e l o c i t i e s  a t  M-1 a n d  I -1  a n d - t h e  1 4 , 2 0 0  f p s . : v e l o c i t y  i r i d i c a t e d  
from t h e  v e l o c i t y  p r o f i l e s f r o m  Shot  Poin t  8, a s h o t  oo in t  a b o u t  -l , O08 . fee t  
f rom A - 4 .  In r e t r o s p e c t ,  i.t i s  o b v i o u s  t h a i t h e  14,20.0 fps from the  v-~!oci ty  
profi] .e was.  m o r e  a c c u r a t e  s.nd t h a t  t h e  c o m p r o m i s e  l e d  to an  e r r o n e o u s  d e p t h  

c a l c u l a t i o n ,  

At t h e  c o m p l e t i o n :  of. d r i l l i n g  on A-4 ,  a down_hole s . e i smi .c  s u r v e y  wa:~ 
C ~ c o n d u c t e d  to  a m a x i m u m  d e p t h  of  4 , 4 9 0  f e e t ;  Lack  o f . c a b l e  prevente_~ g o i n g  

d e e p e r °  At 4 , 4 9 0  f e ~ ,  t h e  a v e r a g e  v e l o c i t y  to s u r f a c e  i s  a b o u t  13, ~ ~ ~~- 
a n d  t h e  i n t e r v a l  v e l o c i t y  in t h e  s e c t i o n  of -~ , rh i te ta i l  C o n g l o m e r a t e  b e t w e e n -  
4 , 3 4 0 a n d  4. .490 fee t .  i s  about, 1 7 ; 6 0 0  f p s .  T-his d a t a  t e n d s  to  s u b s t a n t i a t e  
v e l o c i t y  p r o f i ! e  d a t a  w h i c h  s h o w s  .an a v e r a g e  v e l o c i t y  o L . 1 4 , 2 0 0  .f.p.s a t a  
d e o t h  of  6 , 0 0 0  f e e t  a n d  a 1.71500 fps  v e l o c i t y  t h r 6 u g h  the  t o t a l  ZThi t e t a i l  

s e c t i o n .  

The following summarizes the Oomparlson of depths of pre-mmeral rock 

at drill hole A-4 and S~Ismlc ~ine O. 

GEO LOGICUNIT DEPTH 

Seismic Drill TT i= ~O ~ A-4 

Ave. Vel.: Ave.- Vel.: 

II,000 fps from !4,200 fps 

M,I 6c I-I [r<m vel. pro. 

Top of  p r e - m i n e r a i  rock  4 , 4 0 0  f e e t  5i70.0 f e e t  6 , 3 0 0 f e e t  



St rong  s l a n t i n g  e v e n t s  a re  p r e s e n t  in the  v i c i n i t y  of  A-4 a t  0.  900 to  
1 . 0 0 0  s e c o n d s  on the  s e i s m i c  r e c o r d .  The u p p e r  l imi t  of  t h e s e  a re  i n t e r -  
p r e t e d  a s  t h e  top  of  p r e - m i n e r a l  rock' .  T h e s e  e v e n t s  migh t  b e  d i f f r a c t i o r f s  
o f f  a f a u l t  s t r u c t u r e  i n s t e a d  o f  b e i n g  r e f l e c t i o n s  from the  p r e - m i n e r a !  s u r f a c e .  
If t h i s  [s t h e  c a s e ,  t h e  p r e - m i n e r a l  s u r f a c e  i s  l i k e l y  to  b e  l o w e r ,  p e r h a p s  
t h e  e v e n t  a t  0 . 9 5 0  s e c o n d s  - -  0.  850 s e c o n d s  w h e n  c o r r e c t e d  from d a t u m  to 
g r o u n d  s u r f a c e .  U s i n g  an a v e r a g e  V e l o c i t y  of  1 4 , 2 0 0  fps  to  t h i s  e v e n t :  

"IA o N n ~  0. .850 sec. z ~ , ~ s  = 6 , 0 4 0  f e e t  
2 

a s  t h e  d e p t h  to  p reo -mine ra l  r o c k .  

SEISMIC VELOCITY MEASU..~MENTS 

Three..methods have been employed, for.determining the average velocity 

f rom th e  g r o u n d  s u r f a c e t o  Lh,_ t o p  o f  a g e o t o a , , ~  ~ unfit represen+~ed, b y  :a s e i s m i c  
d i s c o n t i n u i t y .  In o r d e r  Of t h e i r  u s e  on t h i s  p r o j e c t ,  t h e s e  m e t h o d s  a re :  

. Correlation.of seismic events with drill hole da!a and computing 

velocities using the depth (distance) data from the drill-h01e 

arid the time data from the seismic records~ It should be noted 

that the time of an-event redorded on the seismlc record should 

be divided by two (2) because, it reoresents a two-way.(dovcn and 

up) travel time. 

Thus: Vave = Depth 

Time/2 

2.  I n t e r p r e t a t i o n  o f  v e l o c i t y  p r o f i l e s  0 

. Dovcnhole surveys conducted on drill holes accomplished by 

applying an energy source at the surface near the collar Of 

the hole, and. recording the seismic waves With sensors 

lowered down the hole. A.one-wa.Y travel time is recorded 

seismically, and the depth is measured on the sensor Cable, 

Thus: Vave = Depth/Time 

VELOCITY BY CORRELATION OF SEISMIC EVENTS WITH DRILL HOLE DATA 

The first step in..computing seismic velocity by correlating seismic events 

with drill holedata ks to .pick the events on the seismic record which.represent " 

geologic contacts or features "which can be identified in the drill hole. This 



c o r r e l a t i o n  i s  s h o w n  o n - t h e  r e c o r d s  in  A p p e n d i x  A. L a b l e  t h e  g e o l o g i c  
i n t e r p r e t a t i o n  o f  t h e s e  e v e n t s  a n d  n o t e  t h e  d e p t h s  a t  w h i c h  t h e s e  f e a t u r e s  
w e r e  e n c o u n t e r e d  i n  t he  d r i l l  h o l e .  N e x t ,  r e c o r d  t h e  t w o - w a y  t r a v e l  t i m e  
o f  t h e  s e i s m i c  w a v e s  (from t h e  s o u r c e  a t  t h e  g r o u n d  s u r f a c e  t o - t h e  d i s c o n -  
t i n u i t y  ÷ f r o m  t h e  d i s c o n t i n u i t y  b a c k  u p  to  t h e  s e n s o r s  a t  t h e  g r o u n d  s u r f a c e ~  
a f t e r  e m p . l e y i n g  n o r m a l  s t a t i c  a n d  d y n a m i c  c o r r e c t i o n s  a n d  i n s u r i n g  t h a t  t h e  

d a t u m - c o r r e c t e d  t i m e s  a r e  c o r r e c t e d  to  t h e  t i m e  w h i c h  r e p r e s e n t s  t h e  d r i l l  
h 0 t e  e l e v a t i o n .  At t h e  d r i l l  h o l e s  d i s c u s s e d  in t h i s  repor t - ,  t h e  t i m e  c o r r e c -  
t i o n  t o  c o l l a r  e l e v a t i o n  i s  - 1 . 0 0  m s  fo r  M = I ,  - 7 0  m s  f o r  I~-I,  a n d  - 1 0 0  m s  

for A-4. 

To, c o m p u t e  t h e  a v e r a g e  v e l o c i t y  to  t h e  c o r r e l a t e d  f e a t u r e ,  

V ( a v e )  : D 
T / 2 .  W h e r e :  D : d e p t h  in d i s t a n c e  

T = t w O - w a y  t i m e  

To c o m p u t e  t h e  i n t e r v a l - v e l o c i t y  b e t w e e n  t w o  (2) c o r r e l a t e d  f e a t u r e s ,  

V . . ( in j .  = D 2 - D l V~here :  D]  = d e p t h  t o  u p p e r  u n i t  
D2 = d e p t h  t.o l o w e r  u n i t  

(T2: T i)/2 
T l = two:way til-ne to 

upper unit 

T 2 two-way ~~- = to 

lower unit 

The table on the ~ollowing page, Table IV} pres~s ~Lhe velocity data 

acq~aired bythe oorr%lation method at M-I I-I andA+4. 
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S E I S M I C  VELOCITY MEASUREMENT FROM CORRELATION OF SEISMIC & DRILL HOLE DATA 

G E O L O G I C  UNIT :DEPTH 
Top Ba s e 

L i n e n  - Dri].l t ! o l e  M - t  

D a c i t e  0 1 , 8 9 0  

O l d e r  V o l c a n i c  1,89:0 2 , 4 2 8  

U p p e r  Tw 

L o w e r  T w  ' 

2 , 4 2 8  3 , 0 0 0  

3, 000 4 , 8 9 8  

T o t a l  Tw 2 , 4 2 8  

L ine  I - t  - D r i l l  H o l e  I - t  

4,898 

TIME AT 
Top  B a s e  

T AVERAGE VE LOGI.LY INTERVAL 

Top BaSe VELOCITY 

D a c i t e  0 t ,  ! 0 5  

Tw 1 , 1 0 5  2 , 9 3 9  

0 . 4 8 0  7 ,90.0  7 ,9 ,00  

2480 . 5 8 0  7 , 9 0 0  8; .400 t 0 , 7 6 0  

. 5 8 0  . 7 2 0  8 , 4 0 0  8,10.0 7 - , t 50  

. 7 2 0  .96@} 8 , 1 0 0  t 0 ; 2 0 0  t 7 , 2 0 0  

,580 .960 13,000 

O" 360 6 130 ~,130 o l {) 

°360 .580 6, 130 10,150 16,o,JO 

1 ) 8 9 0 / . 2 4 0  = 7 , 9 0 0  

2 . , 4 2 8 / . 2 9 0  = 8 , 4 0 0  
5 3 8 / . 0 5 0  = 1 0 , 7 6 0  

3 , 0 0 0 / . 3 6 0  = 8 , 3 3 0  
572 / .070  = 8,2"00 

4 , 9 0 0 / ° 4 8 0  = 1 0 , 2 0 0  
1 , 9 0 0 / . 1 2 0  = ] . 5 , 850  

2 . ; 4 7 0 / o 1 9 0  = 1 3 , 0 0 0  

1 , 1 0 5 / . 1 8 0  : 6 , 1 3 0  

2 , 9 3 9 / , 2 9 0  = 1 0 , 1 5 0  
1,834/.110 = 16,650 

Line  C , -  Dr i l l  H o l e  A-4  

D a c i t e  0. 2 , 1 3 3  

T w  2 , 1 3 3  6 , 3 0 0  

0 . 4 0 0  1 .0 ,640 1 0 , 6 4 0  

. 4 0 0  . 8 0 0  1 0 , 6 4 0  1 5 , 7 5 0  20",835 

2 , 1 3 3 / . 2 0 0  = I 0 , 6 4 0  

6 , 3 0 0 / ' ° 4 0 0  = 1 5 , 7 5 0  
4 , 1 6 7 / . 2 0 0  = 20 . .835  
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SEISMIC VELOCITY. MEASUREMENT:FROM CORRELATI.Ot~ OF SEISMIC &-DRILL HOLE DATA (CONTINUED) 
t - k  

GEOLOGIC UNIT DEPTY TIME AT AVEZA. GE VELOCITY INTERVAL 
To~ ~ Base Top Base Top Base VELOCITY 

LineG - Drill Hole A-4 (continued.,: ) 

If .pre-mineral is at 6,000 feel instead of 6,3~00 feet o.f depth) 

2,:133 6 ,000  .400  .800 10 ,640  15 ,000  19 ,300 

If pre..mineral tsar 5,700feet ofdepth., 

2 ,133  5 ,700  .400 .800 10,640 14,200 17,800 

ALTERNATE TIME FOR .TOP OF PRE-MINERAL,USE T~ME - 00850 

2 , t 3 3  6 ; 3 0 0  .400 .850 14 ,850  1.8,550 

2 ,133  6 ,000  .400 .850 14 ,110  17 ,200 

6 , 3 0 0 / 4 2 5  = 14 ,850  
4 , 1 6 7 / . 2 2 5  = ].8,550 

6 , 0 0 0 / 4 2 5  = 14 ,110 
3 : ,8G7/ .225 = 17 ,200 

Table IV. 



VEf,OCITY FROM INTERPRETATION OF VELOCITY PROFILES 

V e l o c i t y  p r o f i l e s  f rom s e i s m i c  s h o t  p o i n t s  n e a r  d r i l l  h o l e s  M - l ,  I -1  
a n d  A - 4  a r e  in A p p e n d i x  B. S e v e r a l  p a r a m e t e r s  a r e  c o n s i d e r e d  in  t h e  i n t e r p r e -  
t a t i o n  o f  t h e s e  p r o f i l e s ,  b o t h  g e o p h y s i c a l  a n d  g e o l o g i c a l .  I n t e r p r e t e d  c u r v e s  
r e p r e s e n t i n g  t h e  a v e r a g e  v e l o c i t y  h a v e  b e e n  d r a w n  on  t he  v e l o c i t y  p r o f i l e s .  
T h e s e  c u r v e s  h a v e  n o t  b e e n  a d j u s t e d  to  c o r r e l a t e  w i t h  e i t h e r  t h e  d r i l l  h01e  
i n f o r m a t i o n  o r  w i t h  e a c h  o t h e r .  S e v e r a l  p o i n t s  a n d  s o m e  s e c t i o n s  o.f z u r v e s  
o c c u p y  p o s i t i o n s  a w a y  f rom t h e  i n t e r p r e t e d  c u r v e .  T h i s  r e s u l t s  f rom m a n y  
p o s s i b i l i t i e s ,  e . g .  d i f f r a c t i o n s ,  r e f l e c t e d  r e f r a c t i o n s ,  m u l t i p l e  r e f l e c t i o n s ,  
10w v e l o c i t y  z o n e s  i n  t h e  r o c k . . .  

Depths to discontinuities can be computed by niult]plwing the time Of 

~he event on the seismic record by I/2 and by the average velocity ' ~' ÷ inQiGaLec~ 

on the velocity profile at the time of the ever)to 

D = (T/2]V (ave] 

U s i n g  t h e  v e l o c i t y  . p ro f i l e  d a t a ,  i n t e r v a l  v e l o c i t i e s  a r e  c o m . n u t e d  v¢ith 
t h e  s a m e  f o r m u l a e  a s  u s e d  in  Lhe c o n - e l a t i o n ,  w i t h  d r i l l  h o l e  m e t h o d  h o w e v e r ,  
t h e  d e p t h  (or d i s t a n c e  ) d a t a  a r e  c o m p u t e d  u s i n g  t h e  a v e r a g e  v e l o c i t y  f r o m  . . . . .  
t h e  v e l o c i t y  p r o f i l e  andi  t h e  t w o ~ w a y .  t r a v e l  t i m e  on  t h e  s e i s m i c . r e c o r d  i n s t e a d  
o f  a c q u i r i n g  t h e  d e p t h s  :fi~om d r i l l  h o l e  d a t a .  

. .  . .  . 

The fo:!loWing :presents depth and interval computations at the three 
drill holes. 

thI - -  M~-I T i m e . t o  Tw u p p e r  - 0 . 6 8 0  - 0 o 1 0 0  = 0.5Q0.<.~ seato 

Vel at 0;680 from velocity profile = 7,400 f ps 

Depth : 0._58_Ox 7,400 : 2,140 feet 

2 

T i m e  t o  T w l o w e r  0 . 8 4 0  0 100 0 740 .... c .  

Ve l  a t  0 . 8 4 0  f rom v e l o c i t y  p rof i . t e  = 8 , 0 0 0  f p s  

D e p t h  : 0 . 7 4 0 x  8 , 0 0 0  - 2 , 9 6 0  f e e t  
2 

f 

Time to pre-mineral = 1.0G0- 0.iO0 = 0.960 sec. 

Vel at 1.060 from velocity profiles = I0,I00 fps 

Depth = 0__96Ox I0,i00 : 4,800 feet 

2 
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N - -  M - 1  

( c o n t i n u e d )  I n t e r v a l  v e l o c i t y  f o r  Tw u p p e r  

2,960 - 2__d140 = 820 

( 0 . 7 4 0  - 0 .  580}2 0 . 0 8 0  
= 1 0 , 2 4 0  f p s  

I n t e r v a l  v e l o c i t y  f o r  Tw l o w e r  

4 , 8 0 0  - 2 , 9 6 0  : 1 , 8 4 0  

( 0 . 9 6 0  - 0 . 7 4 0 ) / 2  0 . 1 1 0  
- 16,700 f p s  

I n t e r v a l  V e l o c i t y  f o r  Tw u p p e r  & l o w e r  

4,8. 00 T__2_~140 2 , 6 6 0  = I 4 , 0 0 0  f ps  
( 0 . 9 6 0  - 0 . 5 8 0 ) . / 2  0 . i 9 0  

I-I -- i-I T i m e  t o  Tw = 0 . 4 3 0  - 0 ° 0 7 0  : 0 . 3 6 0  s e c ,  

V e l  a t  0 . 4 3 0  s e c .  f r o m  v e l o c i t y  p r o f i l e  = 7 , 0 0  f p s  

D e p t h  = 0.36__O0 x 7 , 0 0 0  = 1 , 2 6 0  f e e t  ( 1 , 1 0 5  f t  f r om 
1 ] 2 d r i l l  no_e )  

T i m e  t o  p r e - m i n e r a l  = 0 . 6 5 0  - 0 ° 0 7 0  = 0 . 5 8 0  s e c .  

v e t  a t  0 . 6 5 0  f rom v e l o c i t y p r o f i l e  = 1 0 . . 6 0 0  t o  1 1 , 0 0 0  f p s  

~" p} ., D e p t h =  0.5_80 x 1 0 , ~ . 0  = 3 0 7 0  fee t  

2 

Interval veloci.ty for Tw 

3 , 0 7 0  - 1 ,260  _ 1 , 8 1 0  
= = 1 6 , 4 0 0  fpS 

(0.5"80 - 0 , 360 )  0 . 1 1 0  
/ 2  

C - -  A - 4  T i m e  t o  Tw = 0 . 5 0 0 - -  0 . 1 0 0  = 0 . 4 0 0  

Ve l  a t  0 . 5 0 0  f r o m  v e l o c i t y  p r o f i l e  = 1 0 , 5 0 0  f p s  

D e p t h  = 0 . 4 0 0  x 1 0 , 5 0 0  : 2 , 1 0 0  f e e t  

2 

T i m e  t o  p r e - m i n e r a l  : 0.900- 0,I00 = 0.800 

13 



C - -  A - 4  

( c o n t i n u e d )  

Vel  a t  0 . 9 0 0  f rom v e l o c i t y  p r o f i l e  = 1 4 , 2 0 0  f p s  

D e p t h  = 0 . 8 0 0  x 1 4 , 2 0 0  = 5 , 7 0 0  f e e t  

2 

I n t e r v a l  v e l a c i t y  f o r  Tw 

5 , 7 0 0  - 2,, 100 

(0. 800 - 0.400) 
/2 

3 <600 
0.200 

- 18,000 fps 

.) 

/ 
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VELOCITY FROM DOWNHOLE SURVEY 

S ~ 

O n e - w a y  t r a v e l  t i m e s  a re  r e c o r d e d  b e t w e e n  a s e i s m i c  s o u r c e  a t  t h e  s u r f a c e  
n e a r  t h e  c o l l a r  of  t h e  h o l e  a n d  t h e  s e n s o r s  w h i c h  a r e  in  t h e  h o l e  a t  a k n o w n  
d e p t h .  This  i s  t h e  o n l y  m e t h o d  o f  t h e  t h r e e  d i s c u s s e d  in  w h i c h  a p o s i t i v e  
i d e n t i f i c a t i o n  of  t he  d e p t h  Of a g i v e n  s e i s m i c  e v e n t  c a n  be  m a d e .  The d o w n -  
h o l e  s u r v e y  o n  A- 4. y i e l d e d  t h e  f o l l o w i n g :  

. a p o s i t i v e  i d e n t i f i c a t i o n  of  r e f l e c t i o n s  o r i g i n a t i n g  in  t h e  u p p e r  
60 % o f ~ h e  W h i t e t a i l  s e c t i o n .  

2.  t h e  a v e r a g e  v e j o c i t y  b e t w e e n  d e p t h s  r a n g i n g  f rom 3 , 5 0 0  f e e t  
to  a b o u t  4 , 5 0 0  f e e t  and  the  g r o u n d  s u r f a c e .  

3.  i n t e r v a l  v e l b c i t i e s  o v e r  t h r e e  1 5 0 - f o o t  s e c t i o n s  o f  t he  dr i l l  
h o l e  b e t w e e n  d e p t h s  of  3 , 5 0 0  f e e t  and  a b o u t  4 , 5 0 0  f e e t .  

A c t u a l l y ,  two (2) s e n s o r s  a n d  a t h e r m o m e t e r  w e r e  l o w e r e d  d o w n  A - 4 .  
A l t h o u g h . o n l y  one  s e n s o r ,  w a s  n e e d e d  to  f u r n i s h  a v e r a g e  V e l o c i t y ,  a s e c o n d  
s e n s o r  s p a c e d  150 ~ee~ u p . t h e  hole:  wa.s  u s e d  to c o m p u t e  a n - i n t e r v a l  v e l o c i t y  
o v e r  t h e  1 .50-foot  inc~emen. t .  See  A p p e n d i x  C.  

The f o l l o w i n g  t a b l e  s u m m a r i z e s  l~he a v e r a g e  v e l o c i t i e s  a n d  t h e  i n t e r v a l  

v e t o c i t i e  s m e a s u r e d .  

D e p t h  Time 

3 , 6 4 0  f e e t  

3 , 9 9 0  f e e t  

4 , 4 9 0  f e e t  

0 . 2 8 4  s e c  

0.-310 s e c  

0 . 3 4 3  s e c  

T a b l e  V. 

V(ave rage )  ~ T  V( in te rva l )  
: 1 5 0 j / ~ T  

1 2 ; 8 0 0  fps  

1 2 , 9 0 0  fps  

1 3 , 1 0 0  fps  

8 . 5  m s  1 7 , 6 0 0  fps  

8 . 5  ms  17,600 fps  

The t h e r m o m e t e r  w a s  a m a x i m u m - r e a d i n g  t y p e ,  c a p a b l e  Of r e c o r d i n g  
to  200 d e g r e e s  F. It  w a s  l o w e r e d  to a 4 , 5 0 0 - f o o t  d e p t h .  The  t h e r m o m e t e r  
r e g i s t e r e d  165 d e g r e e s  w h e n  t a k e n  ou t  of  t h e  h o l e .  

f \ 

C L O S I N G  STATEMENT 

In summar~y, c o m p a r i s o n  of  t h e  s e i s m i c  d f f s c o n t i n u i t i e s  w i t h t h e  d r i l l  
h o l e  da t a  o b t a i n e d  a t  M - I ,  I ~1  a n d  A-4 s h o w s  tha$ u s i n g  an  e r r o n e o u s  a v e r a g e  
v e l o c i t y  w i l l  r e s u i t  i n  f a u l t y  s e i s m i o  d e p t h  C o m p u t a t i o n .  It  i s  f e l t  t h a t  

1 5  



s e l e c t i v e l y  u s i n g  t h e  t h r e e  d i f f e r e n t  a p p r o a c h e s  to  d e t e r m i n e  a v e r a g e  v e l o c i t y  
u s e d  in t h i s  s t u d y  wi l l  r e s u l t  in a c c u r a t e l y  a s s e s s i n g  t h i s  p a r a m e t e r ,  The 
t h r e e  m e t h o d s  of  o b t a i n i n g  a v e r a g e  v e l o c i t y  a re :  

1. I n t e r p r e t a t i o n  of. v e l o c i t y  p r o f i l e s  

2.  C o r r e l a t i o n  of t i m e s  of  s e i s m i c  e v e n t s  w i t h  dr i l l  h o l e  d a t a  

3. D o w n h o l e  s h o o t i n g  to  o b t a i n  o n e - w a y  t r a v e l  t i m e s  

G o m p a r i s o n  of  t h e  s e i s m i c  a n d  d r i l l i n g  d a t a  f u r t h e r  s h o w s :  

. A v e r a g e  v e l o c i t y  c a n  be  a c c u r a t e l y  a s s e s s e d  from t h e  v e l o c i t y  
p r o f i l e .  

. E x t r a p o l a t i n g  a v e r a g e  v e l o c i t y  d e t e r m i n e d  f rom dr i l l  h o l e  d a t a  
c a n  l e a d  to e r r o r ( a s  i n - t h e  c a s e  of d r i l t  h o l e  A-4) b e c a u s e  t h e  
a v e r a g e  v e l o c i t y  w i l l  .vary  wi th  t h e  v a r i a t i o n  in t h e . a m o u n t  of  
~ t ~ s  s l o w e r  r o c k  m a t e r i a l  in  t h e  o v e r l y i n g  u n i t s .  N e v e r -  
t h e l e s s ,  a d d i t i o n a l  e x p e r i e n c e  h a s  and  w i l l - l e a d  to  more  e f f e C -  
t i v e  u s e  of a v e r a g e  v e l o c i t i e s  d e r i v e d  from both dr i l l  h o l e  c o r -  
r e l a t i o n  and  down  h o l e  s h o o t i n g  m e t h o d s .  

.<> 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

February 17, 1972 

Memorandum 

f -  

TO: W. L, Kurtz 

FROM: J. D. Sell 

Final Report 
Seismic Exploration Results 
J. W. Cooksley, Jr. 
Superior East Project 
Pina] County, Arizona 

Attached are four copies (WLK, File, JDS, Salt Lake City?) of Cooksley's 
final report on the seismic work conducted on the project over the three 
deep holes I-l, M-IA, and A-4. As verbally reported previously, the work 
was originally scheduled for a comparison data report based on reported 
geologic contacts to J.W.C.,Jr. with his seismic interpretations on drill 
holes I-l and M-IA. The second part of the report was to interpret the 
seismic results of A-4 and predict the geologic contacts based on the two 
previous drill holes. The interpretation results were not obtained prior 
to the completion of A-4 and, thus, this final report was rescheduled into 
the attached format. 

As can be seen, the seismic results suggest that geologic contacts can 
be interpreted from the data. Specifically, however, it was fully 
determined that interval velocities continually change in all the units 
in the project area and, thus, average values cannot be used in projection 
of data away from a specific shot point at this time. To interpret contacts 
and depth, it is necessary to construct two profiles or curves; l) the 
basic seismic line of the shot point data, as shown in Plate l - Appendix B, 
and the contact interpretation from the profile with the event time call- 
bration; 2) the highly interpretive velocity profile, Plate l - Appendix C, 
which is based on the energy spectrum at any time. Using the contact time 
in step l and transferring to step 2 curve, the contact time can be converted 
to velocity. Calculation of the depth to the time-contact event can then 
be made. 

The seismic data is apparently definitive at this time, although it is based 
on interpretive results to a high degree. 



W. L. Kurtz - 2 - February 17, 1972 

To further check the interpretive results, Hr. Cooksley was asked if he 
would reinterpret the specific shot point over the proposed drill hole at 
A-2 using his seismic data collected earlier. "Tight hole" conditions 
were imposed on the contacts and depth by ASARCO personnel, and hopefully 
the drillers. To our knowledge, neither J.W.C.,Jr. nor his people were 
on the site during drilling of A-2. Again, the results of his interpretation 
were not received prior to the termination of the hole at its present depth 
of 4082 on February 7. 

Our own interpretation of the contacts is not clear from the rotary cuttings 
and tile few fragmented pieces recovered during spot coring. Upon coring 
by a diamond drill rig of the intervals, it will be specific and, at that 
time, a followup memo will be submitted. 

• S " "  
J 

J James D. Sell 

JDS;/ad 
Attachs. 
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COMPARISON OF SEISMIC EXPLORATION RESULTS 

WITH DATA ON THREE DEEP DRILL HOLES, 

SUPERIOR EAST PROJECT NEAR SUPERIOR, ARIZONA 

Conducted for 

AMERICAN SMELTING AND REFINING COMPANY 

Prepared by 

J. W. Cooksley, Jr. 
Geophysicist 

February. 1972 

Copy N o .  
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INTRODUCTION 

The preliminary report on the seismic investigation on the Margaret Claim-Group ("Reflec-  
tion Seismic Survey Conducted on the Margaret Claims Located Abou t  Four  Miles North- 
east o f  Superior, Arizona"),  dated June 1970, had used the data derived from drill hole 
DCA-2, which is near the eastern edge of  the dacite plateau (in Sec. 11, T. 1 S., R. t 3 E.), as 
a basis for computing depths to various geologic units. Since that t ime, two more holes (M-1 
and A-4) have been drilled within the immediate area of  interest, and data from these holes 
have necessitated a revision of  the earlier depth estimates. In addition, a north-south seismic 
traverse, Seismic Line I- l ,  has been run northward from drill hole I-1. This traverse provided 
seismic data that could be checked against the drilling data obtained from that hole. 

The location map on the next  page shows the seismic profile lines in relation to the drill 
holes. 

The more recent information has revealed that the originally calculated depths to the top  
of  the host rock units were erroneous because the unusually high seismic velocity in the 
Whitetail Conglomerate in this area had been underestimated. The original computat ions  
had been based on an average velocity of  6 ,000  fps between the surface of  the ground and 
the top  of  the host rock units, as derived from correlation of  Seismic Line A with drill hole 
DCA-2 (both  to the northeast of  the location map area). At DCA-2, however,  only 225 ft. 
o f  Whitetail Conglomerate is present, of  a total post-mineral section of  1525 ft. 

Because subsequent  drilling operations proved that the use of  the 6,000 fps average 
velocity to host rock units was too low, a s tudy was conducted to assess the effectiveness of 
the various techniques of  seismic computat ion and signal enhancement ,  and a program was 
developed for preparation, processing, and computing the seismic data. This program is 
subject to cont inuous scrutiny and development,  but it has evolved into a usable tool for 
mining geological investigations to find the depth to and study the nature of  host rock units 
that are covered by thick sections of  barren post-mineral rock. Included in this program are 
velocity profiles, f requency analysis, digital filtering, and static and dynamic corrections. 
The program is built mainly around the velocity profile. The velocity profile depicts the 
seismic velocity as determined by a digital correlation technique at any time from 0 to 1.0 
(or more) seconds on the seismic record. The time is corrected to datum. This phase of  the 
program is used to 

(1) effect the best dynamic correction for the seismic data, 

(2) pick seismic reflections and detect "multiple reflections" and "diffract ions,"  

(3) measure seismic velocity wi thout  the use of  a drill hole. 

Geologic Background 

In the area of  the investigation, the older, host rock units are covered by conglomerate and 
volcanic rock (the "daci te")  of  Tertiary age. The total post-mineral section is more than 
6,000 ft. thick at drill hole A-4, which is near the center of  the dacite plateau. About  2 mi. 
north of  A-4, drill hole M-I encountered 4,898 ft. of  the post-mineral section. To the east, 
particularly east of  the Margaret fault, the post-mineral section is much thinner, e.g., 2,939 
ft. at drill hole 1-1 and 1,525 ft. at drill hole DCA-2. 
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The normal post-mineral sequence encountered in the drill holes completed to date 
consists of  dacitic tuff  (the dacite) and an underlying (locally absent) volcanic section of 
andesitic flow and pyroclastic rock. These volcanic rocks commonly attain a combined 
thickness of  2,000 ft. They overlie the Whitetail Conglomerate, which has a thickness of 
about 4,000 ft. at drill hole A-4 but pinches out altogether or to thicknesses of  only a few 
hundred feet in a distance of  only 3 mi. to the west and east. The thickness of  the Whitetail 
appears to be influenced strongly by block faulting that occurred during the period of 
deposition. 

At the western edge of  the dacite plateau, the host rock units consist of Paleozoic 
sedimentary formations and Precambrian sedimentary and volcanic strata that have been 
intruded by diabase sills. In the eastern portion of the dacite plateau the pre-mineral assem- 
blage consists mainly of Pinal Schist and Schultze Granite. 

Seismic reflections originate at the tops of  the rock units of both the post- and pre- 
mineral assemblages. The best reflections are usually associated with the top of the Whitetail 
Conglomerate, the top of  the host rock section, and some of the units within the host rock 
assemblage. 
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DEFINITIONS 

In the following discussions, the following definitions apply. 

average velocity. The average velocity of  a seismic wave from a point in the subsurface to 
the ground surface: 

Vav e = Depth/Time.  

interval velocity. The average velocity of  a seismic wave within a geologic unit(s): 

V-rot = Thickness/(Time at Bo t tom Time at Top).  

downhole velocities (bo th  average and interval). Velocities measured by  lowering a seis- 
mic sensor down a drill hole and measuring the travel times of  seismic waves originating 
at the surface near the collar o f  the drill hole. 

velocity profile. A velocity profile at a shot point is a measure of  apparent average 
velocity at a given record time. It is based on the standard formula 

T 2 : Tv2ert + X 2/l~ave 

where 

T is two-way reflection travel t ime 

Tvert is two-way vertical reflection time 

X is the distance from shot point  to sensor 

Vav e is average velocity. 

In practice, correlation across traces is performed for each Tvert at 0.020-sec incre- 
ments at trial velocities from 1,000 to 19,000 fps (or similar range of  velocities) in 
100-fps increments. The X's are known,  and each trial velocity provides the appro- 
priate T about  which a small window of  data is used in the correlation analysis. A 
measure of  the correlation of  the traces for each trial velocity and Tvert is displayed 
graphically. The three maximum peaks on each of  these curves are indicated on a 
separate computer  print, and their values are listed. Theoretically the highest peak 
values correspond to the strongest signal energy and are indicative of  possible reflec- 
tions and the corresponding average velocity to the reflection. These velocity profiles 
are interpreted to provide a measure of  average velocity at various reflection times and 
provide the dynamic corrections for the traces. (Courtesy of  D. Fink, General Atronic 
Corporation, Philadelphia, Pa.) 

\ 
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SEISMIC VELOCITY MEASUREMENTS 

Three methods have been used to determine the average velocity from the ground surface to 
the top  o f  a geologic unit represented by a seismic discontinuity. These methods  are as 
follows: 

1. Downhole surveys conducted  on drill holes. An energy source is applied at the 
surface near the collar of  the hole, and the seismic waves are recorded with a sensor 
or sensors lowered down the hole. A one-way travel time is recorded seismically, and 
the depth is measured on the sensor cable. 

Depth 
Thus: Vav e - Time 

(This is the only method of  the three discussed in which the depth of  a given seismic 
event can be identified positively.) 

. Correlation of  seismic events with drill hole data and computat ion of  velocities 
using the depth (distance) data from the drill hole and the time data from the 
seismic records. In this case the time of  an event recorded on the seismic record is 
divided by 2 because it represents a two-way (down and up) travel time. 

Thus: Vave = Dep_th 
Time/2 

3. Interpretat ion of  velocity profiles. 

Velocity from Downhole Survey 

A downhole seismic survey was done on drill hole A-4 to a depth of  4 ,490 ft. (the length of  
the cable available). Appendix A shows field layout  and seismic traces for this survey. Two 
sensors were used. Although only one was needed to furnish average velocity to the surface, 
a second sensor spaced 150 ft. up the hole was used to compute  the interval velocity over 
the 150-ft. increment. The downhole smarey on hole A-4 yielded the following: 

(1) A positive identification of  reflections originating in the upper 60% of  the Whitetail 
section. 

(2) Three average velocity measurements between depths ranging from about  3,500 ft. to 
about  4 ,500 ft. and the ground surface. 

(3) Interval velocities over two 150-ft. sections of  the drill hole between depths of  3,900 
ft. and 4,500 ft. 

Table I summarizes the average velocities and the interval velocities measured. 



Table I. Average and Interval Velocities from Downhole Survey (Drill Hole A-4). 

Measured Measured Calculated Measured Calculated 
depth, time, Vave, Tint, Vint, fps 
ft. see fps see (= 150/T) 

3,640 0.284 12,800 - - 
3,990 0.310 12,900 0.0085 17,600 
4,490 0.343 13,100 0.0085 17,600 

As will be discussed under COMPARISON OF SEISMIC DISCONTINUITIES WITH 
DRILL HOLE GEOLOGY (pp .  9 to 12) and shown in Table I1, it was possible to pick a 
seismic reflection event at 0.910 sec from the raw seismic field record obtained during the 
shooting of  the downhole data. This event, interpreted to be the top of  the host  rock units, 
made it possible to compute  an approximate average velocity to the top  of  the host  rock 
assemblage and an interval velocity for the Whitetail Conglomerate,  assuming that the depth  
to the top of  the host rock assemblage at drill hole A-4 is approximately 6,300 ft. These 
velocities are shown in Table II as 13,850 fps and 16,340 fps, respectively. 

Velocity by Correlation of  Seismic Events with Drill Hole Data 

The first step in computing seismic velocity by correlating seismic events with drill hole data 
is to pick the events on the seismic record that represent geologic contacts or other  features 
that are identifiable in the drill hole. This correlation is shown on the records in Appendix 
B. The geologic interpretation of  these events is labeled, and the depths at which the 
features were encountered in the drill hole are noted.  Next, the two-way travel time of  the 
seismic waves is recorded (from the source at the ground surface to the discontinuity plus 
from the discontinuity back up to the sensors at the ground surface) after normal static and 
dynamic corrections have been made. The datum-corrected times are further corrected to 
the time which represents the drill hole collar elevation. At the drill holes discussed in this 
report,  the time corrections to collar elevations are - 0 . 1 0 0  sec for M - l , - 0 . 0 7 0  sec for I-l ,  
and - 0 . 1 0 0  sec for A-4. 

To compute  the average velocity to the correlated feature, 

D 
Vave = T/2 where D = depth 

T = two-way time. 

To compute  the interval velocity between two correlated features, 

D 2 - D 1 
Vin t - (T2 - TI )/2 

where D 1  ~--" 

= 

7 " ,  = 

T 2 = 

depth to upper unit 
depth to lower unit 
two-way time to upper unit 
two-way time to lower unit 

Table II presents the velocity data acquired by the correlation method at drill holes M-l,  
I- l ,  and A-4, in addition to the downhole velocity data from drill hole A-4. 
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Table II. Seismic Velocity Measurement from Correlation of Seismic and Drill Hole Data. 

Depth, ft. Time, see* Vave, fps Vint, 

Geologic unit To Top To Base To Top To Base To Top To Base fps 

Line  N -  Drill Hole M-1 

Daeite 0 1,890 0 .480 - 7,900 7,900 

Older votcanics 1,890 2,428 .480 .580 7,900 8,400 10,760 

[S pper Whitetail 2,428 3,108 .580 .720 8,400 8,600 9,700 

ower Whitetail 3,108 4,898 .720 .960 8,600 10,200 14,900 

Total Whitetail 2,428 4,898 .580 .960 8,400 10,200 13,000 

Line I-1 - Drill t to le  I-1 

Dacite 0 1,105 0 .360 6,140 6,140 

Whitetail 1,105 2,939 .360 .580 6,140 10,130 16,670 

Line C - Drill Hole A-4  

Dacite 0 1,975 0 .370 10,680 10,680 

Older volcanics 1,975 2,133 .370 .400 10,680 10,660 10,500 

Whitetail 2,133 6,300 .400 .800 10,660 15,750 20,840 
5,680** 14,200"* 17,740"* 

D o w n h o l e  Spread A - 4  - Drill Hole  A - 4  

Dacite and 
older volcanics** * 

Whitetail 

0 2,133 0 .400 - 10,660 10,660 

2,133 6,300 .400 .910 10,660 13,850 16,340 

~ J  

*All times given are converted from original datum to the collar of the drill hole. Corrections are as 
follows: - 0 . 1 0 0  sec for M-l, - 0 . 0 7 0  sec for I-1, - 0 . 1 0 0  sec for A-4. 

**The upper row of figures for Vav e to the top of the host rock assemblage and the Vin t of the Whitetail 
Conglomerate appear to be too higlt. Downhole shooting indicates that the host rock assemblage is 
750 to 800 ft. deeper at drill hole A-4 than at shot point 8 on Line C. (See VELOCITY FROM 
DOWNHOLE SURVEY, previous section.) If the top of the host rock assemblage is at a depth of 
5,680 ft. instead of 6,300 ft., then these revised figures apply. 

***Data concerning Vin t for the dacite and the older volcanics individually are omitted because the contact 
between these units is not definable on the field seismic record. Further processing of the seismic 
data would be required to make this reading possible. 



Velocity from Interpretation of Velocity Profiles 

Velocity profiles from seismic shot points near drill holes M-l,  I- l ,  and A-4 are given in 
Appendix C. Several parameters, bo th  geophysical and geological, are considered in the 
interpretation o f  these profiles. Interpreted curves representing the average velocity have 
been drawn on the velocity profiles. These curves have not  been adjusted to correlate with 
either the drill hole information or each other. Several points and some sections of  curves 
occupy  positions away from the interpreted curve; possible causes for the deviations include 
diffractions, reflected refractions, mul t ip leref lect ions ,  and low velocity zones in the rock. 

Depths to discontinuities are computed  by dividing the time of  the event on the seismic 
record by 2 and multiplying by the average velocity indicated on the velocity profile at the 
time of  the event: 

D = (T/2) Vav e. 

Using the velocity profile data, interval velocities are computed  with the same formulas as 
used for the correlations with drill holes; however,  the depth data are computed using the 
average velocity from the velocity profile and the two-way travel time of  the reflected event 
shown on the seismic record instead of  from the depths obtained from drill hole data. 

Table III presents depth  and interval computat ions  at the three drill holes. 

f • Table Ill. Depth and Seismic Interval Velocity Computations from Interpretation of Velocity Profiles. 

Time, see* gave, fps Depth, ft. Vint, 
Geologic unit To top To base To top To base To top To base fps 

L i n e  N Drill  Hole  M-1 

I Upper Whitetail 0.580 

Lower Whitetail 0.720 8,000 2,880 16,420 
at 0.820 
s e e  

Total Whitetail 0.960 10,100 4,850 14,260 
at 1.060 
s e e  

7,400 
at 0.680 
s e c  

2,140 10,570 

Line  I-1 - Dri l l  Hole  I-1 

Whitetail 0.360 0.580 7.000 10,600 1,260 3,070 16,450 
at 0.430 at 0.650 sec 
sec to 11,000 

Line  C - Dril l  Hole  A - 4  

Whitetail 0.400 0.800 10,500 14,200 2,100 5,680 17,900 
at 0.500 at 0.900 
s e e  s e c  

*All times given are converted from original datum (see times cited in Vav e column) to the collar of  the 
drill hole. Corrections are as follows: - 0 . 1 0 0  sec for M-l, -0 .070  sec for I-l ,  - 0 . 1 0 0  sec for A-4. 
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COMPARISON OF SEISMIC DISCONTINUITIES WITH DRILL HOLE GEOLOGY 

Drill Hole M-1A 

In summer, 1970, the M-1 drill site was chosen, based in large part upon the findings of the 
seismic work conducted during the preceding winter. Using the 6,000 fps average velocity 
derived from the measurements taken along Line A and from drill hole DCA-2, it was 
computed that the top of the host rock units along Seismic Line N in the vicinity of drill 
hole M-1 would be found at a depth of 2,400 ft. M-I actually entered the host rock units at 
a depth of 4,898 ft., twice the depth computed from the seismic work. Using the times of 
seismic events on Seismic Line N, and comparing these times with the depths of geologic 
units encountered in the nearby drill hole M-l, the average velocity from ground surface to 
the top of the host rock units was recomputed to be more than 10,000 fps. In addition, the 
interval velocity for the total Whitetail Conglomerate section was computed to be 13,000 
fps. 

The cores from drill hole M-1 show the Whitetail Conglomerate to consist of two main 
rock types. The upper section, a well-bedded siltstone, probably possesses less velocity than 
the lower section, a poorly bedded to nonbedded conglomerate comprising mainly gravel- to 
cobble-size fragments of Pinal Schist bound in a matrix that is dense, sandy, and well 
consolidated. The contact between these sections seems to be represented by a seismic event 
occurring at 0.720 sec on the traces closest to M-1. (See Plate 1, Appendix B.)Comparison 
of seismic measurements with the drill hole data shows interval velocities of 9,700 fps and 
14,900 fps for the upper and lower sections of Whitetail Conglomerate, respectively. The 
rather substantial section (680 ft.) of the low-velocity upper unit strongly affects the aver- 
age velocity and hence results in a somewhat large reflection time to the host rock units at 
drill hole M-1. 

The seismic field data on Line N were reworked using the more advanced procedures of 
t he  computing program mentioned in the INTRODUCTION. Included in these procedures 
were detailed study of velocity and frequency, and the employment of digital filtering. The 
improvement in record quality led to a revision of the interpretation of the top of the host 
rock units on the seismic records from about 0.800 sec to 1.060 sec (Plate 1, Appendix B). 
Velocity profiles from Shot Points 1 and 2 on Line N indicate the average velocity to the 
top of the host rock units is about 10,100 fps. (See Plates 1 and 2 in Appendix C.) Using 
this velocity and the time reflection of 1.060 sec, minus 0.100 sec to correct from datum to 
ground surface, the depth to the host rock units is 

(1.060 sec 0.100 sec)/2 X .10,100 fps = 4,850 ft. 

This compares well with the 4,898-ft. depth ascertained ha drill hole M-1. Table IV sum- 
marizes the comparison of depth data (1) as originally computed, (2) as computed using the 
average velocity indicated by the velocity profile, and (3) as found in drill hole M-1. 

: k 
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Table IV. Depths to tops of upper Whitetail Conglomerate, lower Whitetail Conglomerate, 
and host rock units, as determined seismically (using average velocity = 6,000 fps and 
using average velocity from velocity profile), compared with data from drill hole M-1. 

Depth, ft. 
Seismic computations 

From DCA-2 From 
(Vave =. velocity Drill hole 

Geologic unit 6,000 fps) profile M-1 

Top of upper Whitetail Conglomerate 
(0.580 sec) 1,740 2,140 2,428 

(Vav e = 7,400 fps) 

Top of lower Whitetail Conglomerate 
(0.720 sec) 2,220 2,880 3,108+ 

(Vav e = 8,000 fps) 

Top of host-rock assemblage 
(0.960 sec) 2,880 4,850 4,898 

(Vave = 10,100 fps) 

C) 
Drill Itole I-1 /qO V-( ~.~..,,,~.,>J..~.,. 

In the north-south seismic traverse running north from drill hole I-t, the travel times of the 
seismic discontinuities interpreted to be the tops of Whitetail Conglomerate and the host 
rock assemblage were ascertained from the seismic record section; using the velocity profile 
from the shot points closest to drill hole I-l, the average velocities to these discontinuities 
were interpreted. (See Plates 3 and 4, Appendix C.) Using average velocities of 7,000 fps at 
the top of the Whitetail Conglomerate and 10,600 fps at the top of preminerat diabase (see 
Plate 2, Appendix B), the depths of the reflection events representing the tops of the units 
were computed and found to correlate well with the drill hole data. Table V summarizes the 
comparison. 

Table V. Depths to tops of Whitetail Conglomerate and host rock units as determined seis- 
mically, compared with data from drill hole I-l. 

Geologic unit 

Top of Whitetail Conglomerate 
Top of host rock assemblage 

Depth, ft. 

Seismic computation Drill hole 
from velocity profile I-1 

1,260 1,105 
3,070 2,939 

This good correlation of the seismic data with the drill hole data was achieved by using the 
velocity profile to estimate the average velocities that were used to compute the depths. No 
drill hole data were used to compute these depths. 
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Drill Hole A-4 

A seismic reflection event interpreted to be the top of pre-mineral rock takes place at 0.900 
sec in the part of Seismic Line C that is closest to drill hole A-4. (See Plate 3, Appendix B.) 
Using the original average velocity of 6,000 fps, and a datum to ground-corrected time of 
0.800 sec, the initial estimate for the depth to the host rock units in this area was about 
2,400 ft. Data from correlation at drill holes M-1 and I-1 indicated that this estimate was 
incorrect. The data underwent additional computing work to obtain a more detailed and 
comprehensive • analysis. In the first phase of the upgrading program, velocity profiles were 
derived at three shot points, SP 1, SP 4, and SP 8. Shot Point 8 is closest to drill hole A-4 
(about 1,000 ft. west of the drill site). The velocity profiles showed the average velocity in 
the 0.900-sec portion of the record to be about 14,200 fps. (See Plates 5 and 6 showing data 
from SP 8 in Appendix C.) 

A 14,200-fps velocity seemed to be too high in view of the 10,200 and 10,130 fps average 
velocities to the top of host rock units computed at drill holes M-1 and I-t. Favoring the 
velocities computed from the correlations performed at M-I and I-l, an average velocity of 
11,000 fps was used to compute the depth to the top of the host rock units at Line C and to 
estimate the depth to the host rock units at drill hole A-4. The 11,000-fps average velocity 
yields a depth of 4,400 ft. The 14,200-fps average velocity from the velocity analysis yields 
a depth of 5,680 ft. In retrospect, it is obvious that the 14,200 fps from the velocity profile 
was the more accurate and that velocities from velocity profiles should be used in favor of 
extrapolation of average velocities from distant drill holes. 

At the completion.of drilling on A-4, a downhole seismic survey was conducted to a 
depth of 4,4.90 ft., the depth permitted by the amount of cable available. At 4,490 ft., the 
average velocity to the surface is about 13,100 fps and the interval velocity in the section of 
Whitetail ConNomerate between 4,340 and 4,490 ft. is about 17,600 fps. These data tend to 
substantiate velocity profile data that show an average velocity of 14,200 fps at a depth 
of 6,000 ft. and a 17,500-fps velocity through the total Whitetail section. (See Seismic 
Recordings, Appendix A.) 

Table VI summarizes the comparison of depths to the host rock units at drill hole A-4 
and Seismic Line C. 

Table VI. Comparison of depths to  t o p  of host rock units as determined seismically, 
compared with data from drill hole A-4. 

Depth, ft. 

Seismic computations Drill 
From M-1 and I-1 From vel. profile hole 

Geologic unit (Vav e = 11,000 fps) (Vav e = 14,200 fps) A-4 

Top of host rock assemblage 4,400 5,680 6,300 (?) 

An interesting obsepcation was made on the records shot in the downhole velocity mea- 
surements. A regular 1,150-ft.-long seismic spread was placed in a north-south direction and 
centered over drill hole A-4. This spread was recorded simultaneously with the downhole 
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data. The interesting part o f  this procedure is that a two-way travel time of  about  0.910 sec 
to the top  o f  the host rock assemblage was recorded. The depth  to the host  rock assemblage 
using the average velocity of  14,200 fps indicated on the velocity profile at SP 8 is 

(0.910 sec × 14,200 fps)/2 = 6,461 ft. 

This depth compares well with the approximate depth of  6,300 ft. given to this office. 
There is a sigclificant increase in two-way travel time to host  rock units between Line C 
where the t ime was 0.800 sec and drill hole A-4 (about  1,000 ft. east o f  Line C) where the 
time was about  0.910 sec. This indicates that  the top  o f  the host  rock assemblage is 

[ (0.910 - 0.800) × 14,200 fps ] /2  = 781 ft. 

higher at Line C than at drill hole A-4. 

f 
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CONCLUSIONS 

In the period since January, 1970, when the first seismic exploration was performed on the 
dacite plateau between Superior and Miami, Arizona, much progress has been made in 

measuring depths of rock units, 
delineating faults, 
and predicting the general rock type in the host rock assemblage. 

This report is directed entirely to the first item and, more particularly, to measuring the 
depths to 

the top of the Whitetail Conglomerate 
and the top of the host rock assemblage. 

To determine the effectiveness of the seismic measurements, three selected seismic sec- 
tions were compared with the findings of drill holes located in areas where the top of the 
host rock assemblage is rather deep-ranging from 2,939 ft. to about 6,300 ft. It was 
established that the seismic discontinuities representing the tops of the Whitetail Conglom, 
erate and the host rock assemblage can be identified throughout most of  the seismic record 
sections. Gaps in coverage are present where strong diffraction events-usually from faul ts-  
override and interfere with the response from the discontinuities in question. But the 
discontinuities on the seismic record sections are shown in terms of the travel time for 
seismic energy to go from the explosion source near the ground surface down to the  
discontinuity and then back up to the seismic detectors at the ground surface. The next 
problem is to convert the travel times of the seismic waves into terms of depth. 

To convert the events shown in terms of time on the seismic record sections into disconti- 
nuities shown in terms of depth on a seismic-geologic model, the average velocity of the 
seismic waves between the ground surface and the discontinuity must be known. The 
following approaches to determfiae this average velocity have been used in this study. 

1. Downhole survey in which a direct measurement of seismic velocity is accomplished 
by placing seismic sensors down a drill hole and placing the seismic source at the surface 
near the collar of the drill hole. 

2. Correlation of seismic events with rock units identified from the drill hole data. The 
velocity is computed from the depth indicated from the drill hole and the time read on the 
seismic re cord section. 

3. Interpretation of seismic velocity profiles. 

All three methods yielded essentially the same average velocities for the respective por- 
tions of the seismic traverses being investigated. We conclude that the most definitive data 
are those derived from the downhole survey because such data yield 

positive identification of reflections, 
a direct measurement of average velocity, 
and a direct measurement of interval velocity when two phones are used, one at each 

end of the interval under study. 
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Interpretat ion of seismic velocity profiles is the only available method to determine 
velocity when no drilling data are available. The findings o f  this report show that accurate 
measurements  o f  average velocity can be obtained with the careful interpretation of  the 
velocity profiles. The reader is referred to Tables IV, V, and VI for comparison of depths to 
the discontinuities computed  from the velocity profiles versus the depths at which these 
same discontinuities were encountered in drill holes, It should be noted that in comparing 
Line C with drill hole A-4, the discontinuities on Line C are about 1,000 ft. west of  the drill 
hole. 

/ -  
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{ , A p p e n d i x  A.  V E L O C I T Y  F R O M  D O W N H O L E  S U R V E Y  ( D R I L L  H O L E  A-4)  

S e i s m i c  R e c o r d i n g s  

Vertical  scale is the  t ime  o f  the  se i smic  recording  (beg inning  at t ime 0 for  the shot ) .  Hori-  
z o n t a l  scale represents  the  pos i t i on  o f  the  re f l ec t ion  po ints  in the  subsurface .  

COLLAR OF HOLE at Sta. 550  ft.  

Total  depth  of  hole  = 6 , 9 0 0 +  ft .  
SHOT POINT at Sta. 4 0 0  ft.  

Depth  of  S.P. = 8 ft.  
Charge size = sticks of  60% 

O 

SHOT NO. 5 

Sensor 1 at 4 , 4 9 0  ft. = 0 . 3 4 3 0  sec 
Sensor 2 at 4 , 3 4 0  ft.  = 0 .3345  sec 
Interval be tween  sensors = 150 ft.  
Tin t = 0 .0085  sec 
Vin t = 17 ,600  fps 
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Vint = 17 ,600  fps 
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Appendix B. VELOCITY BY CORRELATION OF SEISMIC EVENTS 
WITH DRILL HOLE DATA 

Final seismic trace playouts that have been corrected for statics (topography) and normal 
moveout (time difference due to difference in length of ray path from shot point to 
reflection point and back to phone). 

Vertical scale is the time of the seismic recording (beginning at time 0 for the shot). 
Horizontal scale represents the positions of the reflection points in the subsurface. 

Playouts are color coded as follows: Dacite (green), older volcanics (orange), Whitetail 
Conglomerate (golden brown), host rock units (blue). 

C) 
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Plate 2 - Seismic Line I-I. Drill Ilole I-I 
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Plate 3 - Seismic Line C. Drill Hole A-4  
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Appendix C. DERIVATION OF AVERAGE VELOCITY FROM INTERPRETATION 
OF VELOCITY PROFILES 

The attached profiles are derived from the raw trace playouts of the original seismic records 
(which have corrections for topography incorporated). 

The vertical scale is the time along the seismic recording, beginning 0.100 sec after the 
shot. The horizontal scale is the velocity of the seismic wave, in thousands of feet per 
second. The configuration and amplitude of the horizontally trending curves are a measure 
of the correlation of the traces, which denotes a velocity. Heavy black dots have been added 
to show significant highs that suggest average velocity. Heavy black curve is the velocity 
function interpreted from the average velocity points. 
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<_J Plate 1 - Line  N, Velocity  Profile S h o t  Point  1 

x~_ j  

@ *Half of reflection points are down-dip 
on slope from shot point. 
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Plate 2 - Line N, Velocity Profile Shot Point 2 
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*Half of reflection points are up-dip 
on slope from shot point. 
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Plate 3 - Line  I - l ,  Velocity  Profile S h o t  Poin t  I N  
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/ " ,  * T o p  of  host rock assemblage is evident  
as an event on seismic trace section. 
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Plate 4 - Line  I - l ,  Velocity  Profile S h o t  Poin t  3S  
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Plate 5 - Line C, Velocity Profile Shot Point 8S 
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Plate 6 - Line C, Velocity Profile Shot  Point  8N 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

February 22, 1972 

Mr. C. K. Moss 
Salt Lake City Office 

EncloseJ is a final report by J. W. Cooksley on his seismic work at our 
Superior East project. Also enclosed is Mr. Sell's covering letter to me. 
I would appreciate it if you would very critically review this report. 

As pointed out by Mr. Sell, the velocity profile (Plate l Appendix C) is 
critical in Mr. Cooksley's interpretations and it appears to me that the 
positioning of this curve is much more of an art than science. If truly all 
geophysicists would construct this curve in nearly the same position, then 
perhaps Cooksley has arrived at a feasible method of determining major rock 
contacts in an extremely complex area such as the dacite plateau. Again, as 
Mr. Sell points out, Cooksley's method, if it works, is usable only at a 
specific shot point. This would provide usable data for us since we could use 
it in the same manner as we do a drill hole in constructing a cross section. 

If you do indeed believe there is some definite merit in Cooksley's method, 
I believe additional work should be done to prove the method. Such work could 
be conducted by Cooksley or by your organization if you do have the capa- 
bilities. I would recommend a research project by your office to do this work. 

Very truly yours, 

w. 

WLK:lad 
Encs. 

cc: JJCollins - w/o enc. 
JHCourtright - w/o enc. 
JDSell - w/o enc. ~ 

H "  
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March 2, 1972 

RECEIVIhL. 

MAR 6 1972 

S. W. U. S, EXPL, DIV. 
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<> 

Mr. W. L. 14urtz 
Tucson Office 

De~r Bill: 

This will acknowledge receipt of your letter of 
February 22 transmitting J. W. Cooksley's report on 
his seismic work at Superior East. 

I would like to consider this report for a short 
period before making reply to your suggestions. 

CKM:am 

Your s very truly, 

C. K.  MOSS 

cc: J. $. Collins 
J. H. Courtright 

C I 
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M a r c h  Z7, 1972 

\, 

Mr. ~A r. L. Kurtz 

Tucson Office 

COOKSLEY SEISMIC R E P O R T  
S U P E R I O R  E A S T  P R O J E C T  
F E B R U A R Y  1 972 

Dear Bill: 

' I  wou ld  l ike  h e r e b y  to d i s c u s s  the s u b j e c t  r e p o r t  in l i gh t  of y o u r  
l e t t e r '  of F e b r u a r y  24,  and  in a m p l i f i c a t i o n  of ou r  i n t e r v e n i n g  phone  
d i s c u s s i o n .  

As we a l l  would  c o n c l u d e  a f t e r  s tudy ing  the  s e i s m i c  d a t a ,  C o o k s -  
l e y ' s  i n t e r p r e t a t i o n s  i nc lude  a h igh  p e r c e n t a g e  of s u b j e c t i v e  con t en t .  
It would  not  n e c e s s a r i l y  fo l low d i r e c t l y  tha t  h i s  i n t e r p r e t a t i o n s  wou ld  
be q u e s t i o n a b l e ,  s i nce  h e  has  un ique  e x p e r i e n c e  in th i s  w o r k ,  and  m i g h t  
have  s i n g u l a r  a b i l i t y  in e v a l u a t i n g  the da ta .  

An a c c u r a t e  i n t e r p r e t a t i o n  of the  s e i s m i c  da ta  d e p e n d s  upon  the 
c o r r e c t  e v a l u a t i o n  of two a s p e c t s  of the  p r o b l e m .  F i r s t  the  i n t e r p r e t e r  
m u s t  be ab le  to f ind  a d i a g n o s t i c  c h a r a c t e r  for  r e f l e c t i o n  e v e n t s  on the  
s e i s m i c  r e c o r d  w h i c h  he can  d e f i n i t e l y  a t t r i b u t e  to i d e n t i f i a b l e  i n t e r f a c e s  

o f  the g e o l o g y ;  s e c o n d  he m u s t  have  r e a s o n a b l y  a c c u r a t e  v e l o c i t y  i n -  
f o r m a t i o n  for  w a v e s  t r a v e l i n g  t h r o u g h  the r e s p e c t i v e  i n t e r v a l s  of the  
s e c t i o n .  

As you  poin t  ou t ,  if a s e c o n d  g e o p h y s i c i s t  w e r e  ab le  i n d e p e n d e n t l y  
to m a k e  the s a m e  i n t e r p r e t a t i o n s  as  C o o k s l e y  t h e n  the c r e d e n c e  for  t h e  
w o r k  wou ld  be e n h a n c e d .  In l i e u  of a s e c o n d  i n t e r p r e t e r ,  if C o o k s l e y ' s  
i n t e r p r e t a t i o n s  o v e r  d i f f e r e n t  p o r t i o n s  of the g r o u n d  w e r e  c o n s i s t e n t  wi th  
the  g e o l o g y  as  known  f r o m  d r i l l i n g ,  and  if the r e s u l t s  of h i s  w o r k  p r e -  
d i c t e d  r e a s o n a b l e  v a l u e s  for  s e i s m i c  v e l o c i t i e s  as  c o m p a r e d  wi th  r e f e r -  
e n c e  t a b l e s  on t h i s s u b j e c t ,  t h e n  c r e d e n c e  cou ld  be e s t a b l i s h e d  on th i s  
b a s i s .  

I have  t r i e d t o  t ake  the  r o l e  of i n t e r p r e t e r  to c o m p a r e  m y  r e s u l t s  



with Cooksley's; however, I am unable to assure myself that I can 
find distinctive characteristics in the seismic record with which to 
identify specific parts of the geologic section. Consequently, I can 
not support Cooksley's correlations. On the other hand, I cannot dis__- 
prove his correlations -- overall, though, I retain considerable skep ~ 

ticism as to their validity. 

In regard to the velocity logs which he derives from the computer 
data (again involving the subjective factor), I have re-worked his logs 
for the three profiles on the project. My motive in re-working his data 
is to show the actual velocity which his logs predict for the different 
rocks, rather than the average velocity from the surface to the horizon 
of interest, which his velocity log shows directly. 

Attached are the graphs of my work which are based on his velocity 
logs. One can readily note the great range in velocity for the same sec- 
tion of geology, under different points on the Plateau. This large varia- 
tion from one traverse to the next seems excessive. A second question- 
able feature on the graph relates to the extremely high velocities (plus 
Z5,000 ft. /sec. ), which come from his log. These velocities in turn 

seem excessively high. 

In summary, while I personally question that Cooksley can identify 
reflections from particular geologic sections, I cannot completely refute 
this possibility. However, even granting that he can, I estimate that his 
velocity error could result in depth errors of 25%. 

Up until this time, most of Cooksley's interpretations have had the 
benefit of prior knowledge of the geology. The best test to which we can 
subject Cooksley's work is in the field, by comparing his unbiased inter- 
pretation with known drilling results (as you and Jim have proposed). An 
alternate form of a test would be for us to supervise his field crew and 
use cross-spreads and parallel spreads for his interpretation, without his 
knowledge of the relative position of the measurements. 

Further concern with this problem, of course, is dependent upon 
your continuing need of the type of data which seismics might provide on 

the Plateau. 

CK)~i:am Yours  v e r y  t r u l y ,  
Enc. 
cc: Y. J. Collins, wo/enc. ~ ~ _ ~  

'J. H. Courtright wo/enc. 
(7 

J. D. Sell, w/enc. C.K. MOSS 

i 
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W.L.  

J. W. COOKSLEY, JR. 

30 November 1973 

n=r 3 1973 

APPLIED EARTH. SCIENCES 

~ e [ ~ ~ [  . . . .  - - - -  - : : ~  

2610 East Grant Road 
.Tucson,  Arizona 85716 
(602) 795-9790 

RF-"C ; u;::, 

Amer ican  Smel t ing  & Refining Company  
S o u t h w e s t e r n  Explora t ion  D i v i s i o n  
Post  Off ice  Box 5747 
Tucson ,  Arizona 85703 

Attention: William L. Kurtz 

In a c c o r d a n c e  wi th  your  s u g g e s t i o n ,  t h i s  p roposa l  is  be ing  w r i t t e n  c o n c e r n i n g  
fur ther  s e i s m i c  s t u d i e s  on the d a c i t e  p l a t e a u  b e t w e e n  Super io r  and G l o b e ,  
Ar izona .  This p roposa l  is  a r e s u l t  of our  mee t i ng  dur ing the  a f t e rnoon  of 

applying the "bright spot" technique, which has enjoyed much success in 
petroleum exploration, to locating mineral exploration targets. In the course 
of the discussions with yourself and Mr. Sell, it was concluded that any such 
program should be preceded by a preliminary evaluation of the seismic data 
previously shot in the area. The following proposal is set forth in phases so as 
to logically assess the overall program stepwise regarding feasibility, accuracy, 

progress and cost. 

PHASE I This phase would entail inspecting and evaluating all the data avail- 
able on Line N. This line has been recomputed by a second computer data re- 
duction service and has much additional processing in addition to the normal 
data reduction. We propose to derive a seismic section in time domain showing 
areas which seem most favorable for bright spot studies. The cost of this phase 

is estimated to be $250.00. 

PHASE II If the studies of Line N indicate usable new information concerning 
the application of bright spot (or other heretofor overlooked exploration criteria), 

the seismic data from the other lines will be reviewed and re-evaluated as was 
that on Line N. The cost of any such work would amount to $200.00 per line. 
If after consulting with yourself it was agreed that further computer analysis 

was needed, the cost of the computer work would be added. Such work would 
probably amount to less than $300.00 per line. The lines available for such 

analysis are A, B, C, D, and M from the old "Continental" program, and 
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Section 4, Section 5, and I from the work conducted for ASARCO during the 
spring and summer of 1971. If no additional computer service is required, 
the total cost of reviewing all the remaining lines would be about $1,600.00. 

PHASE III This p h a s e  wou ld  c o n s i s t  of a p p l y i n g  u p d a t e d  v e l o c i t y  f u n c t i o n s  • 
to a l l  t he  work a c c o m p l i s h e d  on the  s u b j e c t  a r ea  and to draw a r e v i s e d  s t r u c -  
tura l  con tour  map of the top of p r e - m i n e r a l  r o c k .  If no a d d i t i o n a l  v e l o c i t y  
in format ion  is n e e d e d ,  the  c o s t  of s u c h  work wou ld  be abou t  $ 1 , 0 0 0 . 0 0 .  

PHASE IV If the  r e s u l t s  of  the  p r e v i o u s  p h a s e s  w a r r a n t ,  t h i s  p h a s e  w o u l d  
e n t a i l  the  d e s i g n  and e x e c u t i o n  of  s e i s m i c  f i e ld  and comput ing  o p e r a t i o n s  
d i r e c t e d  toward  o b t a i n i n g  r e l a t i v e  a m p l i t u d e  da ta  (bright spo t ) .  C o s t s  of  t h i s  
work shou ld  be  e s t i m a t e d  on the  b a s i s  of abou t  $ 2 , 5 0 0 . 0 0  pe r  l i n e - k i l o m e t e r  
(3 ,280 feet)  of t r a v e r s e .  Aeria l  c o v e r a g e ,  e . g . ,  a s q u a r e  k i l o m e t e r ,  w o u l d  
h a v e  to be e s t i m a t e d  on an i n d i v i d u a l  b a s i s ,  d e p e n d i n g  on d e g r e e  of r e s o l u t i o n  
r e q u i r e d  and the  f i e ld  c o n d i t i o n s .  

The e s t i m a t e d  c o s t s  sha l l  be u s e d  a s  n o t - t o - e x c e e d  c o s t s  and  wou ld  be 
e x c e d e d  only  upon w r i t t e n  approva l  by y o u r s e l f  or  the  d e s i g n a t e d  p r o j e c t  
m a n a g e r .  This o f f i ce  w o u l d  a c c o m p l i s h  the  comput ing  and  fu rn i sh  r epor t s  of 
nnomgs on all phases. 

Thank you for c o n s i d e r i n g  our  firm for work  on th i s  p r o j e c t .  

S i n c e r e l y ,  

I .  W.  C o o k s l e y ,  Ir .  
G e o p h y s i c i s t  

yWC/ksk 

~ J  



o 

) : ~ ;  ,L.,~ 

REFLECTION SEISMIC INVESTIGATION 

OF SUBSURFACE GEOLOGY 

AT THE SUPERIOR EAST PROJECT 

GILA AND PINAL COUNTIES, ARIZONA 

Fib-c"4 

CONDUCTED FOR 

AMERICAN SMELTING AND REFINING COMPANY 

INTRODUCTION /~----~& ~ ~.~-- 7/~  

This i n v e s t i g a t i o n  is  an e x p a n s i o n  of a r e f l e c t i o n  s e i s m i c  exp lo r a t i on  
program c o n d u c t e d  on the  Margare t  c l a i m - g r o u p  during 1anuary - March ,  
1970 for C o n t i n e n t a l  Copper ,  Inc .  A repor t  of i n v e s t i g a t i o n  cove r ing  the  
i n i t i a l  p ro j ec t  t i t l e d ,  Ref lec t ion  s e i s m i c  su rvey  c o n d u c t e d  on the  Marga re t  
c l a i m s  l o c a t e d  about  four mi l e s  n o r t h e a s t  of Superior~ Arizona,  was  c o m -  
p l e t e d  by th i s  o f f ice  and  submi t t ed  to C o n t i n e n t a l  Copper ,  Inc .  in 1une, 
1970.  S ince  th i s  t ime ,  American Smel t ing  and Refining Company  has  
t a k e n  over  the  exp lo r a t i on  of the  Margare t  c l a i m s  and some a d j a c e n t  l a n d s .  

The s e i s m i c  exp lo ra t ion  i n  t h i s  area has  b e e n  d i r e c t e d  pr imar i ly  t o -  
ward  f ind ing  the  c o n t a c t  b e t w e e n  the  unde r ly ing  p r e - m i n e r a l  a s s e m b l a g e  
of s e d i m e n t a r y ,  i g n e o u s  and me tamorph ic  rock  u n i t s ,  and an o v e r l y i n g  
s e c t i o n  of p o s t - m i n e r a l  v o l c a n i c s  and c o n t i n e n t a l  s e d i m e n t a r y  un i t s  w h i c h  
m e a s u r e s  in  e x c e s s  of 5 ,000  f e e t  l o c a l l y .  Addi t iona l  effort  has  b e e n  
d i r e c t e d  toward  d i f f e r e n t i a t i n g  p r e - m i n e r a l  and  p o s t - m i n e r a l  f au l t i ng ,  and 
in d e t e rmin ing  the  type  of rock p r e s e n t  in the  p r e - m i n e r a l  a s s e m b l a g e .  

Much  has  b e e n  wr i t t en  about  p rev ious  e x p l o r a t i o n ,  min ing  a c t i v i t i e s ,  
g e o l o g y  and ore d e p o s i t s  in the  Super ior  and the  G l o b e - M i a m i  min ing  
d i s t r i c t s .  The r e a d e r  is  r e fe r red  to works  by P e t e r s o n ,  D. W.  (1969), 
Hammer,  D . F .  and P e t e r s o n ,  D . W .  (1968), P e t e r s o n ,  N. P. (1962), and 
Ransome,  F. L. (1903 & 1914) w h i c h  c o n t a i n  d e t a i l e d  d e s c r i p t i o n s  of 
t h e s e  s u b j e c t s .  This repor t ,  be ing  pr imar i ly  a d e s c r i p t i o n  of t he  f i n d i n g s  
of the  r e f l e c t i o n  s e i s m i c  e x p l o r a t i o n ,  wi l l  t r ea t  on ly  t h o s e  i t e m s  w h i c h  
are  d i r e c t l y  r e l a t e d  t o  s e i s m i c  i n t e r p r e t a t i o n s .  

S ince  the  c o m p l e t i o n  of the  in i t i a l  s e i s m i c  work c o n d u c t e d  for C o n -  
t i n e n t a l  Copper ,  I n c . ,  two deep  dri l l  h o l e s  have  b e e n  c o m p l e t e d ,  and one  
is  cu r ren t ly  be ing  d r i l l e d .  The r e s u l t s  of the  d r i l l i ng  i n d i c a t e  tha t  t he  

b 



s e i s m i c  work  i s  in  s e r i o u s  e r ror  w e s t  o f  t h e  M a r g a r e t  f a u l t ,  but  s e e m s  to 
be  a c c u r a t e  to w i t h i n  t e n  (10) p e r c e n t  e a s t  of  t h i s  s t r u c t u r e .  The M a r -  
g a r e t  f au l t  i s  a n o r t h - s t r i k i n g  n o r m a l  f a u l t ,  t h e  w e s t  b l o c k  d o w n - t h r o w n ,  
w h i c h  w a s  i n t e r p r e t e d  from t h e  s e i s m i c  d a t a .  A p p a r e n t l y  a l a r g e  a c c u -  
m u l a t i o n  of W h i t e t a i l  C o n g l o m e r a t e ,  a p o s t - m i n e r a l ,  c o n t i n e n t a l ,  s e d i -  
m e n t a r y  d e p o s i t ,  i s  p r e s e n t  w e s t  of t he  M a r g a r e t  f a u l t .  The v e l o c i t y  of  
t h i s  u n i t  w a s  g r e a t l y  u n d e r e s t i m a t e d ,  t h u s  r e s u l t i n g  in  an e r r o n e o u s l y  
s m a l l e r  d e p t h  c a l c u l a t i o n  to  t h e  top  of p r e - m t n e r a l  r o c k .  



GEOLOGIC SETTING 
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Sequence of Rocks 
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Lithology 

Apache Leap Tuff -- 
predominantly dacitic tuff 
units, vitrified & devitrified. 

U n c o n f o r m i t y  

O lde r  V o l c a n i c s  - -  
p r e d o m i n a n t l y  a n d e s i t i c  to 
b a s a l t i c  f low and  t u f f a c e o u s  
u n i t s .  

U nconformity 

W h i t e t a i l  C o n g l o m e r a t e - -  
c o n t i n e n t a l  c o n g l o m e r a t e  
d e p o s i t  in p r e d o m i n a n t l y  
s h a l y  to s a n d y  mat r ix ,  w e l l  
b e d d e d  to poor ly  b e d d e d .  

T h i c k n e s s  

i ,  000 to 
2,000 feet 

0 to 
600 f ee t  

0 to 
3 , 0 0 0  + 
f e e t  

V e l o c i t y  

5 ,000  to 
8 ,000  fps 

io,ooo (?) 
fps 

I 0 , 0 0 0  to 
1.7,000 (?) 
fps 

L Uncon fo rmi ty  

~ J  
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N a c o  L i m e s t o n e  - -  
M e d i u m -  to t h i n - b e d d e d  l i m e -  
s t o n e  tha t  l o c a l l y  c o n t a i n s  
i r r e g u l a r  n o d u l e s  and l a y e r s  of 
c h e r t ,  and f i s s l e  s h a l e  s p o r a -  
d i c a l l y  i n t e r b e d d e d  wi th  l i m e -  
s t o n e .  Bedding p l a n e s  d i s t i n c t  
and  p r e d o m i n a t e l y  f l a t ,  t hough  
some are  w a v y .  L o c a l l y  min -  
e r a l i z e d  in  the  Globe  a r e a .  

E s c a b r o s a  L i m e s t o n e  - -  
Th i ck -  to t h i n - b e d d e d  l i m e -  
s t o n e .  Uppe r  E s c a b r o s a  is  
m e d i u m -  to t h i n - b e d d e d  and  
c o n t a i n s  a b u n d a n t  c h e r t  and 
i n t e r b e d d e d  s h a l e .  M i d d l e  

0 to 
1 ,000  f e e t  

400  to 
500 f ee t  

12 ,000  to 
14 ,000  fps 
(assumed)  

12 ,000  to 
14 ,000  fps 
(assumed)  
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L i tho logy  T h i c k n e s s  

Z 

t) 

E s c a b r o s a  i s  t h i c k - b e d d e d  and 
i s  c l i f f  fo rming .  Lower  E s c a -  
b rosa  i s  t h i c k -  to m e d i u m - b e d d e d ,  
M i n e r a l i z a t i o n  o c c u r s  l o c a l l y  in 
Globe  and Super io r  a r e a s .  

M a r t i n  Lime s t o n e  - -  
Al te rna t ing  z o n e s  of  t h i n -  
to m e d i u m - b e d d e d  l i m e s t o n e  
and  d o l o m i t e .  Thin b e d s  of 
m e d i u m - g r a i n e d  q u a r t z i t e ,  
s a n d s t o n e ,  and  s h a l e  i n t e r -  
b e d d e d  wi th  l i m e s t o n e  and  
d o l o m i t e  in l o w e r  s e c t i o n .  
Upper  l imi t  of  Mar t in  d e -  
f ined  by 10 - 30 f e e t  of 
h i g h l y  f i s s i l e  c a l c a r e o u s  
s h a l e .  M e d i u m - b e d d e d  
d a r k - g r a y  c r y s t a l l i n e  l i m e -  
s t o n e  i s  h o s t  rock for r e -  
p l a c e m e n t  ore  b o d i e s  in 
Magma Mine  and  is  l o c a l l y  
m i n e r a l i z e d  e l s e w h e r e .  

D i s c o n f o r m i t y  

Bolsa Q u a r t z i t e  - -  
Uppe r  par t  - medium to f ine  
g r a i n e d  q u a r t z i t e  tha t  may 
g r a d e  l o c a l l y  to s a n d s t o n e .  
Bedding d i s t i n c t ,  medium to 
t h i c k ,  g e n e r a l l y  e v e n ,  l o c a l l y  
u n d u l a t i n g ;  c ros  s h e d d i n g  
c o m m o n .  Lower  part  - 
h e t e r o g e n e o u s  c l a s t i c  l i t h o -  
l o g i e s  v a r y i n g  ab rup t ly  both  
l a t e r a l l y  and  v e r t i c a l l y .  

U n c o n f o r m i t y  

~ Dlabase -- 
I Sills and dikes. Generally 
I 

I medium grained, locally 
I course grained, aphanitic at 

350 to 
450 f ee t  

0 to 
430 f e e t  

Ve loc i t y  

12 ,000  to 
14 ,000  fps 
(assumed)  

15 ,000  to 
2 2 , 0 0 0  fps 
(assumed) 



I 

L . .  

Li tho logy  

c h i l l e d  borde r s .  Commonly ,  
m i n e r a l s  m o d e r a t e l y  a l t e r e d .  
In t rudes  Troy Q u a r t z i t e  and 
o lder  f o r m a t i o n s ,  and i s  
d e p o s i t i o n a l l y  o v e r l a i n  by  
Bolsa  Q u a r t z i t e .  

S t r a t a f i e d  Precambr ian  
Format ions  - -  
These  i n c l u d e  the  Troy 
Q u a r t z i t e  (730 f t . ) ,  
Basa l t  (max. 320 f t . ) ,  
M e s c a l  L imes tone  
(350 f t . ) ,  Dr ipping 
Spring Qua r t z i t e  (720 f t . ) ,  
and  the  P ionee r  Forma- 
t ion  (305 f t . ) .  

Unconformity 

Pina l  S c h i s t  - -  
Q u a r t z - m u s c o v i t e  s c h i s t  and 
quar tz  -mu s cov i t  e -  ch lo r i t e  
s c h i s t .  W e l l - d e v e l o p e d  to 
i n d i s t i n c t  f o l i a t i o n  t ha t  i s  
s l i g h t l y  to i n t e n s e l y  c o n t o r t e d .  
Pods ,  v e i n s ,  and  v e i n l e t s  of 
w h i t e  quar tz  l o c a l l y  a b u n d a n t .  

Th ickne  s s 

2425 fee t  

Ve loc i t y  

15 ,000  to 
2 2 ,0 0 0  f.ps 
(assumed)  

1 5 ,0 0 0  + fps 
(assumed)  
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FINDINGS OF SEISMIC INVESTIGATION 

The s e i s m i c  exp lo ra t i on  program was  b a s e d  on the  p r e m i s e  tha t  a 
d e t e c t i b l e  s e i s m i c  d i s c o n t i n u i t y  was  p r e s e n t  a long fau l t s  and at  the  b a s e  
of the  s u p e r j a c e n t  u n i t s .  It s e e m s  r e a s o n a b l e  to e x p e c t  tha t  t he  e l a s t i c  
p rope r t i e s  of the  rock in  proximi ty  of  f au l t s  and in the  s u p e r j a c e n t  un i t s  
are s u f f i c i e n t l y  d i f f e ren t  from t h o s e  in the  i n t a c t  rock and in the  u n d e r -  
lying pre-mineral units to constitute the potential for obtaining discernable 
seismic discontinuities. 

Cor re l a t i on  of Se i smic  Ve loc i ty  wi th  G e o l o g i c  Un i t s  

The d e t e r m i n a t i o n  of ave r age  v e l o c i t y  i s  a r a the r  comp lex  p rocedure  
of i n t e rp re t i ng  r e f l e c t i o n  v e l o c i t y  a n a l y s i s  data  as s c a n n e d  wi th  d ig i t a l  
co r r e l a t i on  m e t h o d s .  It h a s  b e e n  our e x p e r i e n c e  tha t  u s ing  an a n a l y s i s  
from on ly  one  sho t  po in t  wou ld  i nva r i ab ly  be m i s l e a d i n g  in  at  l e a s t  one  
a s p e c t  and maybe  in s e v e r a l .  H o w e v e r ,  i n s p e c t i o n  of many v e l o c i t y  
a n a l y s e s  s i m u l t a n e o u s l y  y i e l d s  a more ra t iona l  and c o m p l e t e  i n t e r p r e t a t i o n  
of s e i s m i c  v e l o c i t y  and g e o l o g y .  

Veloc i ty  a n a l y s i s  da ta  i n d i c a t e s  v e l o c i t i e s  in the  Apache Leap Tuff 
range  from 6 ,000  fps at  the  su r face  to as much as  8 ,000  fps at the b a s e  
of the  s e c t i o n .  In t e rp re t ing  from a v e r a g e  v e l o c i t y  da ta ,  the  s e i s m i c  
v e l o c i t y  of the  W h i t e t a i l  C o n g l o m e r a t e  appea r s  to be in the  order  of 
10 ,000  fps to 12 ,000 fps .  V e l o c i t i e s  in p r e - m i n e r a l  a s s e m b l a g e  rocks  
probably  range  from 14 ,000  fps to 20 ,000  fps whe re  the  rock is  not  a f f e c t e d  
by a l t e r a t i o n  or f r ac tu r ing .  The a v e r a g e  s e i s m i c  v e l o c i t y  w h i c h  p r e d o m i n a t e s  
at  the  b a s e  of the  p o s t - m i n e r a l  s e q u e n c e  is  about  10 ,000  fps ,  and t h i s  has  
b e e n  the  v e l o c i t y  u s e d  to compu te  the  dep th  to the  p r e - m i n e r a l  r o c k s .  

Mapping  Faul ts  

In th i s  p r o j e c t ,  mapping  f au l t s  is  c r i t i c a l l y  impor tan t  in the  i n t e r -  
p r e t a t i o n  of the  s e i s m i c  da t a .  P r e - m m e r a l  f au l t s  do not  t r a n s e c t  the  
W h i t e t a i l  C o n g l o m e r a t e  or the  Apache  Leap Tuff. H e n c e  the  upward t e r -  
mina t ion  of t h e s e  f a u l t s ,  i f  p roper ly  i d e n t i f i e d ,  can be u s e d  to in t e rp re t  the  
d i s c o n t i n u i t y  e x i s t i n g  at  t he  top of the  p r e - m i n e r a l  a s s e m b l a g e .  P o s t - m i n -  
e ra l  f au l t s  a f fec t  g r ea t l y  the  con f igu ra t i on  of the  unconfo rmi ty  at  the  top 
of the  p r e - m i n e r a l  a s sembl . age ,  so the  m o v e m e n t  on t h e s e  s t ruc tu re s  mus t  
be known in order  to map the  top of p r e - m i n e r a l  rock .  

Both p re -minera l ,  and p o s t - m i n e r a l  fau l t  s t r uc tu r e s  are i n t e r p r e t e d  
from the  s e i s m i c  data  t a k e n  a long  the  s e i s m i c  t r a v e r s e s °  An e a s t e r l y  
s t r ike  is  a s s u m e d  on the  p r e - m i n e r a l  f au l t s  and g e n e r a l l y  nor the r ly  s t r i k e s  
are  a s s u m e d  on the  p o s t - m i n e r a l  f a u l t s .  The b a s i s  for the  s t r i ke  of the  
p r e - m i n e r a l  fau l t ing  is  the  e a s t e r l y  s t r ike  of the  Magma fau l t  and  the  
e a s t - t r e n d i n g  minera l  b e l t  wh ich  ha s  b e e n  mapped  and r e c o g n i z e d  by many 



to e n c o m p a s s  the  major  ore d e p o s i t s  at  Supe r io r ,  Ar i zona ,  to t he  w e s t  and  
the  G l o b e - M i a m i  a rea  to the  e a s t .  The n o r t h e r l y  s t r i k e s ,  and the  d ips  of  
the  p o s t - m i n e r a l  f au l t s  are  i n t e r p r e t e d  from the  r a the r  s p a r c e  s e i s m i c  c o v e r -  
a g e  a t  h a n d ,  from fau l t ing  mapped  a t  the  s u r f a c e  by P e t e r s o n ,  D.  W .  (1969),  
and  from dr i l l  ho l e  da t a  made  a v a i l a b l e  to t h i s  o f f i c e .  

S e i s m i c  S e c t i o n  C - C '  

P r e - m i n e r a l  Rock Uni t s  

The e l e v a t i o n  o f  the  u n c o n f o r m i t y  at  the  top of the  p r e - m i n e r a l  rock  
r a n g e s  from abou t  400 f e e t  at  S t a t ion  1 ,500  down to abou t  -300  f ee t  a t  
S t a t i on  3 , 5 0 0 .  The c o n f i g u r a t i o n  of the  u n c o n f o r m i t y  if r e l a t i v e l y  f l a t .  

R e f l ec t i on  d i s c o n t i n u i t i e s  i n d i c a t e  the  p r e s e n c e  of s t r a t i f i e d  rock 
u n i t s  i m m e d i a t e l y  b e l o w  the  u n c o n f o r m i t y  at  the  top of  the  p r e - m i n e r a l  
u n i t s .  T h e s e  u n i t s  are  t hough t  to be  s e d i m e n t a r y  fo rma t ions  of P a l e o z o i c  
and  P r e c a m b r i a n  a g e ,  p o s s i b l y  i n t r u d e d  by d i a b a s e  s i l l s  and  d i k e s .  

P r e - m i n e r a l  Fau l t s  

At l e a s t  t h r e e  s t r u c t u r e s  i n t e r p r e t e d  to be p r e - m i n e r a l  f au l t s  a p p e a r  
b e t w e e n  S ta t ion  2 , 0 0 0  and  S ta t ion  4 , 0 0 0  on Line C .  The l a r g e s t  of t h e s e  
s t r u c t u r e s  i n t e r s e c t s  the  u n c o n f o r m i t y  at  the  top of the  p r e - m i n e r a l  a s s e m -  
b l a g e  at  S ta t ion  3 , 5 0 0 ,  d i s p l a c i n g  the  u n c o n f o r m i t y  abou t  200 f ee t  d o w n -  
ward  on the  sou th  s i d e .  Below the  u n c o n f o r m i t y ,  t he  s e i s m i c  d i s c o n t i n u i t i e s ,  
w h i c h  p robab ly  r e p r e s e n t  b e d d i n g  in P a l e o z o i c  and  P r e c a m b r i a n  s t r a t a ,  a re  
d i s p l a c e d  abou t  1 ,000  f ee t  down on the  sou th  s i d e .  A p o s s i b l e  s p e c u l a t i o n  
migh t  be made  c o n c e r n i n g  th i s  s t r u c t u r e ,  t ha t  is  i t  might  be the  e a s t e r l y  ex -  
t e n s i o n  of the  Magma f a u l t .  There are two p r e - m i n e r a l  f au l t s  to the  sou th  
of t h i s  s t ruc tu re ;  s p e c u l a t i n g  a g a i n ,  p o s s i b l y  b e i n g  c o r r e l a t i v e  wi th  the  
South  Branch v e i n  at  the  Magma mine  or  the  Lake Super io r  and  Arizona v e i n .  
A p r e - m i n e r a l  d i s c o n t i n u i t y  to t he  nor th  of the  l a r g e s t  s t r u c t u r e  a p p e a r s  to 
h a v e  s l i g h t . r e v e r s e  m o v e m e n t .  The e l e v a t i o n  of the  d i s c o n t i n u i t y  at  the  
top of  p r e - m i n e r a l  rock at  the  l a r g e s t  s t r u c t u r e  a p p e a r s  to be  abou t  -250 f e e t .  

P o s t - m i n e r a l  Fau l t s  

Three p o s t - m i n e r a l ,  normal  f a u l t s  i n t e r s e c t  t he  top of the  p r e - m i n e r a l  
a s s e m b l a g e  a t ,  from sou th  to nor th ,  S ta t ion  1 , 5 0 0 ,  S ta t ion  2 , 6 0 0 ,  and 
S t a t i on  3 , 4 0 0 .  The s t r i k e s  of t he  f a u l t s  a t  S t a t i ons  1 ,500  and  2 ,600  r ange  
from 20 ° to 30 ° w e s t  of nor th .  The s t r ike  of the f au l t  at  S ta t ion  3 ,400  is  
abou t  N35E.  The i n t e r s e c t i o n  of t h e s e  f au l t s  a p p e a r  to  form the  c o r n e r  of  
a b l o c k  w h i c h  has  b e e n  d o w n - t h r o w n  to the  e a s t .  The l a r g e s t  of the  p r e -  
m i n e r a l  f au l t s  a p p e a r s  to be  i n t e r s e c t e d  by  the  p o s t - m i n e r a l  f au l t  at  S ta -  
t i on  3 , 4 0 0 .  

' b  

x .  
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S e i s m i c  S e c t i o n  a t  S e c t i o n  5 

P r e - m t n e r a l  Rock Uni t s  

S e i s m i c  r e a d i n g s  i n d i c a t e  the  e l e v a t i o n  of the  top  of p r e - m i n e r a l  rock 
to r ange  from 1 ,300  f ee t  down to 800 f ee t  a long  one s e t  of r e f l e c t i o n  p o i n t s ,  
and  from 1 ,300  f ee t  down to 900 f ee t  on a n o t h e r  s e t  of r e f l e c t i o n  po in t s  
rough ly  p a r a l l e l  and about  500 f ee t  to the  e a s t  of the  f i r s t  s e t .  B e c a u s e  of 
c u r v a t u r e  in t he  l i ne  of s e i s m i c  s e n s o r s ,  a n o r t h w e s t  s t r i k ing  p o s t - m i n e r a l  
f au l t  w a s  cu t  t w i c e  by both s e t s  of r e f l e c t i o n  p o i n t s .  The top of p r e - m i n e r a l  
rock  is  d o w n t h r o w n  to the  n o r t h e a s t  from 100 to 250 f e e t  or more .  

N e a r l y - p a r a l l e l  l i n e s  of r e f l e c t i o n  e v e n t s  s u g g e s t  tha t  the  p r e - m i n e r a l  
a s s e m b l a g e  i s  c o m p r i s e d  of s t r a t i f i e d  rock  u n i t s ,  p robab ly  in l a r g e  part  
P a l e o z o i c  and  P recambr i an  s e d i m e n t a r y  f o r m a t i o n s .  A s i n u o u s ,  but  f a i r ly  
c o n t i n u o u s  r e f l e c t i o n  e v e n t  c a n  be  t r a c e d  d i s c o r d a n t l y  a c r o s s  the  s t r a t i f i e d  
r e f l e c t i o n  e v e n t s .  This d i s c o r d a n t  e v e n t  d ips  to the  sou th  and  a p p e a r s  to  
be  o f f s e t  or  a t  l e a s t  i n f l u e n c e d  by p r e - m i n e r a l  s t r u c t u r e s .  T e n t a t i v e l y ,  
t h i s  e v e n t  i s  i n t e r p r e t e d  to be t he  top  or b a s e  of a d i a b a s e  i n t r u s i v e .  

P r e - m i n e r a l  Fau l t s  

Two p r e - m i n e r a l  f au l t s  are  i n t e r p r e t e d  in  the  i n t e r v a l  b e t w e e n  S ta t ion  
1 ,400  and S ta t ion  2 ,200  on one  l i ne  of r e f l e c t i o n  p o i n t s  and  in  the  v i c i n i t y  
of S ta t ion  1 ,600  and S t a t i on  2 , 0 0 0  on the  o the r  l i ne  of po in t s  to the  e a s t .  
The e a s t e r l y  s t r i k e s  of t h e s e  t w o  s t r u c t u r e s  w e r e  s u b s e q u e n t l y  i n f e r r ed  from 
t h e i r  i n t e r s e c t i o n s  w i th  the  two l i n e s  of  r e f l e c t i o n  p o i n t s .  

Po s t - m i n e r a l  F a u l t s  

The main  p o s t - m i n e r a l  s t r u c t u r e  is  r e f e r r e d  to a b o v e  in the  f i r s t  pa r -  
a g r a p h  u n d e r  P r e - m i n e r a l  Rock U n i t s .  

S e i s m i c  S e c t i o n  a t  I -1  

Pre-mineral Rock Units 

According to the seismic data, pre-mineral rock is encountered at 
elevations ranging from 2,300 feet down to 1,100 feet along this seismic 
section. Drill hole I-I is at the south end of the section and here, the 
seismic data correlates well with the drill hole data. Between Station 0 
and Station 2,500 and the north end of the traverse at Station 3,500, the 
unconformity is step-faulted upward to the north from an elevation of 
I, 300 feet to an elevation of 2,300 feet. 

The random na tu re  of the  s e i s m i c  d i s c o n t i n u i t i e s  in the  p r e - m i n e r a l  
a s s e m b l a g e  s u g g e s t  t ha t  the  Pina l  S c h i s t  of P r e c a m b r i a n  a g e ,  p r o b a b l y  

/ -  



c u t  by i n t r u s i v e s  of P r e c a m b r i a n  and Laramide  a g e ,  i s  the  P r e d o m i n a n t  
rock  t y p e .  

P r e - m i n e r a l  Faults 

Two n e a r l y - v e r t i c a l  p r e - m i n e r a l  d i s c o n t i n u i t i e s  we re  p l o t t e d  - -  one  
n e a r  S ta t ion  1 ,200  and  the  o the r  nea r  S ta t ion  3 , 2 0 0 .  These  s t r u c t u r e s  
are  b e l i e v e d  to be f a u l t s .  

Po s t - m i n e r a l  Fau l t s  

Post-mineral normal faulting offsets the top of the pre-mineral assem- 
blage at Station 1,000, Station 2,000, Station 2,600 and Station 3,200. 
The northwest strike of the faults at Station 2,600 and Station 3,200 was 
ascertained by observation of their presence along two nearly parallel 
lines of reflection points. Displacement on both these faults is in the 
order of two hundred feet, the south side being down-thrown. Displacement 
on the other two faults appears to be less than 100 feet, again the south 
side downthrown. 

S e i s m i c  S e c t i o n  at  S e c t i o n  4 

P r e - m i n e r a l  Rock Uni t s  

The top of p r e - m i n e r a l  rock is  i n t e r p r e t e d  to be  b e t w e e n  e l e v a t i o n  800 
and  1 ,700  a long  th i s  t r a v e r s e .  Both p r e - m i n e r a l  and  p o s t - m i n e r a l  f au l t s  
a re  in e v i d e n c e ,  the  p o s t - m i n e r a l  f au l t s  h a v i n g  a l a r g e  e f f e c t  on the  
t o p o g r a p h y  of the  s u r f a c e  of the  p r e - m i n e r a l  r o c k .  A g r e a t e r  d e n s i t y  and 
c o n t i n u i t y  of r e f l e c t i o n  e v e n t s  a t  the  p r e - m i n e r a l  s u r f a c e  i n d i c a t e  the  
p r e s e n c e  of s t r a t i f i e d  or t a b u l a r  rock  u n i t s .  These  un i t s  are  b e l i e v e d  to 
be s e d i m e n t a r y  and  v o l c a n i c  u n i t s  of P a l e o z o i c  a n d / o r  P r e c a m b r i a n  a g e ,  
but  t h e y  might  a l s o  be a s e r i e s  of g e n t l y - d i p p i n g ,  t a b u l a r  d i s b a s e  i n t r u s i o n s  
in Pina l  S c h i s t .  T h e s e  u n i t s  a p p e a r  to a t t a i n  a t h i c k n e s s  in e x c e s s  of 2 , 0 0 0  
f ee t  at  the  sou th  end  of the  t r a v e r s e ,  but  s e e m  to  p i n c h  out  to l e s s  t han  500 
f e e t  a t  the  north e n d .  The rock  u n d e r l y i n g  t h e s e  u n i t s  is  i n t e r p r e t e d  to be  
Pina l  S c h i s t ,  p o s s i b l y  i n t r u d e d  by P r e c a m b r i a n  d i a b a s e  and Laramide  g r a n i t i c  
rock. 

Pre-mlneral Faults 

P r e - m i n e r a l  f au l t  s t r u c t u r e s  are  i n t e r p r e t e d  at  S ta t ion  2 , 8 0 0  and Sta t ion  
4 , 5 0 0 .  S e v e r a l  n o r t h e a s t - t r e n d i n g ,  m i n e r a l i z e d  s t r u c t u r e s  h a v e  b e e n  mapped  
in Pina l  S c h i s t  w h e r e  i t  c rops  abou t  5 m i l e s  to the  e a s t  and n o r t h e a s t  of t h i s  
t r a v e r s e  ( P e t e r s o n ,  N.  P. ,  1961).  The fau l t  e n c o u n t e r e d  at  S ta t ion  2 , 8 0 0  
a p p e a r s  to  be v e r t i c a l ,  the  nor th  s i de  down th rown  abou t  100 f e e t .  The f au l t  
a t  S ta t ion  4 , 5 0 0  a p p e a r s  to d ip  v e r y  s t e e p l y  to the  nor th ,  t h e  sou th  s i d e  
b e i n g  down th rown  abou t  100 f e e t .  



Po s t - m i n e r a l  Fau l t s  

Three p o s t - m i n e r a l  f au l t s  w e r e  mapped  from the  s e i s m i c  d a t a .  B e c a u s e  
of the  l ack  of a p a r a l l e l  s e t  of r e f l e c t i o n  p o i n t s ,  the  s t r i k e s  of t h e s e  
s t r u c t u r e s  a re  ve ry  q u e s t i o n a b l e ,  be ing  b a s e d  on s p a r c e  g e o l o g i c  d a t a .  One  
r a t h e r  l a rge  normal  f au l t  i n t e r s e c t s  the  top of p r e - m i n e r a l  rock at  S ta t ion  
2 , 3 0 0 .  Wi th  a n o r t h w e s t  s t r i ke  be ing  i n f e r r e d  on th i s  f au l t ,  t he  s o u t h w e s t  
s i de  is  downth rown  abou t  500 f e e t .  Another  r a t h e r  l a r g e  normal  fau l t  i s  at  
S ta t ion  4 , 0 0 0 ,  the  i n f e r r e d  s t r ike  is  due  nor th  and  the  e a s t  s i de  is  d o w n -  
th rown abou t  300 f e e t .  A fau l t  w i th  l e s s  m o v e m e n t  w a s  mapped  at  S t a t i on  
5 , 2 0 0 ,  the  i n f e r r e d s t r i k e  be ing  due  nor th  and  the  e a s t  s i de  be ing  d o w n -  
th rown  abou t  100 to 200 f e e t .  It s e e m s  q u i t e  p o s s i b l e  t h a t ,  the  fau l t  a t  
S t a t ion  2 , 3 0 0  might  be a b r a n c h  of the  l a rge  n o r t h - t r e n d i n g  M a r g a r e t  f au l t  
zone. 
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E X P L O R A T I O N  S E R V I C E S  D I V I S I O N  
3 4 2 2  SOUTH 7 0 0  WEST 

S A L T  L A K E  CITY. U T A H  8 4 1 1 9  

May 20, 1974 

Mr. Jim Sell 

Tucson Office 

Dear Jim: 

John Collins has asked whether the seismic work as described 

by Superior Oil in the attached article would be useful in Asarco's 

Superior East Project. 

Of course, we do have the results of Cooksley's work in the 

area, which did not come up to expectations; but two questions 

occur to me after reading the article: (I) would seismics be more 

effective if the work concentrated on getting information on the sedi- 

mentary section relative to the "vein-fault", rather than trying to 

see through this section; (2) would Superior Oil have a sufficient 

advantage over Cooksley in seismic know-how to make the difference 

between success and failure? 

Have you any thoughts on the matter ? 

CKM:am 

Enc. 

Yours very truly, 

C. 14. MOSS 

cc: W. L. iCurtz, wo/enc. 

/ \, 



A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

T U C S O N  A R I Z O N A  

June 3, 1974 

\ 

~J 

Mr. C. K. Moss 
Exploration Services Division 
Salt Lake City Office 

Seismic 
Superior Oil Article 
Superior East Project 
Pinal County, Arizona 

Dear Cal: 

In reply to your inquiry of Hay 20th on Ted Eyde's article, J. W. Cooksley 
did all the seismic for Superior Oil and, as I gathered from the story, he 
also did most of the interpretation, although others were involved. I also 
gather that Cooksley was very happy with the diabase response and interpreted 
much from that approach. As shown on Eyde's Fig. 2, the nearly 2000 feet of 
displacement across the Magma vein-fault would allow a greater leeway in 
interpretation, when that is the magnitude of the overlying cover rocks and 
having a relatively thin section of Whitetail. 

I feel that seismic can probably help in determining premineral, and perhaps 
most rock units, their configuration and distribution. Certainly Cooksley 
has indicated that with more subsurface control he is willing to show 
probable faults and various rock units. I also feel that, to fully benefit 
from any further work, a very widespread program must be utilized to give 
enough control through the data points now available. Certainly, as 
Cooksley has pointed out, various orientations are necessary to pin down the 
fault structures, and it would probably be necessary to run additional lines 
in a more advantageous orientation to fully appreciate the data being 
gathered. 

I also feel that ,  in the Superior East project  proper, the extreme changes 
in Whitetail thicknesses and la tera l  character w i l l  pose a problem on overal l  
i n te rp re ta t ion .  

Mr. Kurtz feels that our drilling.to date has'fairly well established the 
general overall configuration of the Whitetail basin and general distribution 
of the rock types. He feels that additional seismic work would be more of a 
research project andnot directly applicable to guiding further exploration 
at Superior East. 

JDS:Ib 

S i nce r e l  y ,  

James D. Sel I 

cc: WLKurtz 



E X P L I ] R A T I I ] N  SERVICES D I V I S I O N  

3 4 2 2  Bo~w~r 7 0 0  W~.s'r 

S A L T  L k K E  CITY, UTAT~ 8 4 1 1 9  

June 6~ 1974 

Mr. J. J. Collins 
New York Office 

RECEjvL . . . .  

dUN 1 0 1974 
S. IN. U. ,S. EXPc. OiV. 

% 

Dear John : 

Recently you inquired whether seismic work could be useful at 
Superior East as per the work done by Superior Oil and described in 
A.I.M.E. Transactions, March 1974. 

You will recall that the Tucson group had seismic work conducted 
on the Plateau a few years ago -- although the objectives were some- 
what different than Superior's. 

At any rate I corresponded with Jim Sell~ who~ it turns out~ is 
quite knowledgable about Superior's seismic survey. His general con- 
clusion~ regarding your question can be best quoted: 

'~r. Kurtz feels that our drilling to date has fairly well 
established the general overall configuration of the Whitetail 
basin and general distribution of the rock types. He feels 
that additional seismic work would be more of a research pro- 
ject and not directly applicable to guiding further exploration 
at Superior East." 

Yours very trulyj 

CKM: am C. K. MOSS 

cc: R. J. Lacy 
W. L. Kurtz -J. Sell 

~ J  
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2223 1 ? 1974 
8. ~ u. a. ~PL. oJv. 

Air Mail 

June 13, 1974 

~. C. K. Moss 
Sezv~ces Division Exploration " " 

Salt Lake City 

Su~rloz . . . . .  t~ Arizona 

Dear ~ .  Moss: 

Your note of June 6 on seisn%ic work on the Dacite 
Plateau caused ~e t o  review the file. Your Karch 27~ 1972 
review of Cooksley's " " se~sm!c report is not conducive to much 
confidence in the results. Apparently the seismic su~.~eys 

access to similar standards, i would agree that it is useless 
to do any more. 

When, as, and if a precise seismic survey is available 
at modest cost, i~ would be helpful to learn the exact position 
of the Devils Canyon Fault through our property and its vertical 
offset of the basement rocks. Presently our few drill holes ere 
widely spaced and we have no information on basement under the 
State leases when we are slowly drilling Holes A-3 and A-6. 
Also, we have no information between Holes M=IA and D~%IA in 
the north, a distance of nearly 3 miles. 

Very truly yours, 

Joh,q J. CoJi ns 
J o t ~  J .  C o l l i n s  

/ 
/ 

co: RJLacy / 
Wl/~urtz 

k~J 
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New York, August 21, 1974 

MEMORANDUM FOR: Messrs.JW. L. Kurtz 
C. K. Moss 

Superior East, Arizona 

Your recent note about Oak Flat caused me to review 
the file and see Cal Moss' memorandum of June 6, copy attached. 

It seems to me our drilling has not established the 
configuration of the Whitetail Basin since we have no pene- 
tration to basement east and south of Hole A-4. The proposed 
hole south of A-2 may not be in the most advantageous position 

Therefore I recommend renewed consideration be given 
to seismic surveys in Sections 27, 34, 5 and 4 this season. 
Please comment on accessibility. Mr. Moss should estimate 
COSTS. 

Thank you. 

~ l i n s  

Attachment 
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A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

T U C S O N  A R I Z O N A  

August 28, 1974 

~J 

Mr. C. K. Moss 
Exploration Services Division 
Salt Lake City Office 

Superior East Project 
Pinal County, Arizona 

Dear Cal : 

As I discussed with you by phone on Monday, I am enclosing the 
following maps from our Superior East Project; 

l) Claim map 
2) Drill hole location map showing rock type intercepts 
3) Cross-sections 

I am also enclosing Jim Sell's gravity report dated June 6, 1973 
which includes specific gravities determined by Chuck Elliott on 
core samples from Superior East. 

I hope this information will help in your critical review of 
whether seismic surveys can help determine fault planes and 
premineral bedrock configuration. 

Very truly yours, 

WJ L. Kurtz 

WLK: lb 
Encs. 

.z 

cc: JDSe11 u"" 
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EXPLORATION SERVICES D I V I S I O N  
3 4 2 2  SOUTH 7 0 0  ~VEST 

SALT LAKE CITY, U T A t I  8 4 1 1 9  

September ZT, 1974 

% 
%%r 

. . . .  } ~ 2  . r ,  .:~ ,% 

C _ )  - .'Yr~, 

4~ 

s" 

Mr. William Kurtz 

Tucson Office 

Dear Bill: 

Seismic s 

Whitetail Basin 

Superior East 

This is written in initiation of a review of the applicability of 

seismic work to the problem of exploration for mineralization in the 

Whitetail at Superior East. John Collins requested such reconsidera- 

tion in recent correspondence. 

In order to educate myself on the geologic picture at Superior 

East, I have undertaken to make structural contour maps for the 

you recently sent me. 

Although I understand that the Whitetail mineralization favors 

deeper portions of the basin, I am presently not fully aware of your 
ideas regarding the controls of the mineralization. I am enclosing the 

structural contour maps which I have made. I hope these will serve as 

a suitable base on which you may describe your theories. Will you 

kindly make notes as you feel appropriate, and return copies to me. 

A number of drill holes are not shown on the maps; only those 

holes which show results relevant to the structural data are included. 

This allows a more ready visualization of areal vacancies in hard in- 

formation. From my casual study, it would appear that an accurate 

definition of the Whitetail basin would require a greater density of 

holes than now exist. This is particularly true where observable 

faulting would not exert the dominant control for the basin. In the area 

southward from A-4, the contours for the base of the Whitetail suggest 

that the faults (RHC and DC) do not exert dominant control, and the 

axis of the basin may be taking on a southeast direction. 

This area is one which John has mentioned for drilling con- 

sideration. If there are no objections, Iwill proceed to obtain cost 

estimates for seismic coverage of the area. 



<_/ 

-Z- 

Everything considered, Ibelieve J. W. Cooksley Co. would be 

the best contractor for the job, notwithstanding the results of previous 

work for us. 

In relationship to Mr. Cooksley's personal history, I would 

make the following points: 

]) He has had far-and-away the greatest contract experience 

in seismic work for mining exploration in the Southwest. 

Z) His previous work for your office was beset with gross mis- 

interpretation of depths, and his delivery time on results was poor. His 

excuses at the time were poor knowledge of velocity values, and in- 

adequate computer service for his data. Both of these excuses, perhaps, 
were valid; certainly his work in intervening years should put him in 

better standing in this regard. 

3) On the positive side, Cooksley was the contractor for the work 

done at Superior, in which the Magma Vein Fault was the target. (Re- 

ference A. I. M. E. publication, which was recently circulated. ) 

I have also made inquiries of two of Cooksley's recent clients, as 

to his performance, and have received favorable comments. 

4) The prime reflecting interface for the workat Superior does 

t h e  p r e - W h i t e t a i l  e r o s i o n  s u r f a c e  a t  S u p e r i o r  E a s t  to b e  an  u n u s u a l l y  
g o o d  r e f l e c t i n g  i n t e r f a c e .  He f u r t h e r  c o n s i d e r s  t h a t  he  c a n  d i s t i n g u i s h  
the pre-mineral crystalline rocks from the pre-mineral sediments 

where they underlie the Whitetail. A distinction such as this could be 

important Jr% porphyry possibilities on the project. 

5) Cooksley has been conducting work in Globe district in which 

part of his objective has been to identify alteration zones in concealed 

intrusive rocks. He contends that alteration effects can be mapped by 

seismics once a known correlation is established. While this appli- 
cation is more on the speculative level, a spin-off for porphyry 

exploration could result, in any seismic work at Superior East. 

CKM/mb 

Enc. 

cc: J. J. Collins (w/enc.) 

R. J. Lacy " 

Y o u r s  very truly, 

C. K. MOSS 



ASARCO 

J O H N  J.  C O L L I N S  

DIRECTOR OF £XPLORATION 

AIR MAIL 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

E X P L O R A T I O N  D E P A R T M E N T  

120 B R O A D W A Y .  N E W  Y O R K ,  N.Y.  1 0 0 0 5  

October i, 1974 

OCT 3 1974. 
& ~. IJ. ,~ ~PL. U/V. 

Z 

Mr. W. L. Kurtz 

Southwestern United States Division 
Tucson Office 

Superior East, Arizona 

Seismic Survey 

Dear Mr. Kurtz: 

I am amazed by the structure contours and isopach pattern on 

Cal Moss' maps of September 27th. I suppose his reference data are the 

sections Jim Sell prepared in August 1972, but I wonder if Jim would 

not draw the plan view of the Whitetail differently from Cal. Ordinarily 
faults control the contours, and this will a~k J~m tn a~.T h4~ ~7~4~ 

of structure contours and isopachs of the Whitetail conglomerate, with 

copies to Cal and to me. 

I see some data on Cal's maps that are new to me, i.e., holes 
B-3, B-5, and KC-I showing relatively shallow depths for the bottom of 

the Whitetail. Perhaps it is time for Jim to bring his excellent 1972 
maps and report up to date? Have our drill holes been surveyed for 

vertical angle? If not, at least one deep one (probably A-4) should 

be done as soon as convenient. Please advise what possibilities exist. 

Also report on the temperature measurements previously requested and 
comment on ground water quality and quantity in our drill holes. Has 

Halpenny reviewed this project? 

Very truly yo~r's, 

j ,  

John J. llins 

cc: CKMoss 



E X P L O R A T I O N  S E R V I C E S  D I V I S I O N  
3 4 2 2  SOUTH 7 0 0  W ~ s ' r  

SALT LAKE CITK. UTAH 84119 

October 24, 1974 

J. D . SELL 

k4__/ 

Mr. J. J. Collins 

l~Te\v York Office 

SEISMICS 
SUPERIOR EAST, ARIZONA 

Dear John: 

Mr. James Cooksley recently visited us in relation to the possi- 

bility of his doing additional seismic work at Superior East. 

I gave hima copy of the tentative coverage which you suggested, 

in order that he could comment on costs and practicability of coverage. 

Cooksley came back with the attached map showing how he would 

propose to cover the area, considering problems of access and topography. 

In order to get continuous coverage across Devils Canyon he would shoot 

from one side while recording on the other. This technique would lose 

some shallow information, but would probably get the important information 

from depth. 

He suggests that we might enter into the project by first covering 

only profiles A, A' , B and B'. He wottld propose to do this for $i0,000 

and would experiment with off-set shooting and other variations in order 

to determine the most effective procedures. Any additional work could 

then be considered in the light of this phase. 

Subsequent to Cooksley's visit here, he sent me the results of work 

he did for us earlier in the southernmost part of our ground. The attached 

sheet shows his contour interpretation for section 4. He considers the 

profile here to be one of the more reliable of his earlier work. Whether 
or not his inference is accurate, it is nonetheless interesting that his re- 

sults also suggest a south-easterly trend in the structure. 

My personal evaluation of Cooksley's capabilities in the area would 



limit his probable contribution to the determination of coarse aspects 

of the structural picture. I doubt that he wotdd be able to identify slide 

blocks, or detail structural breaks. Resolution of features near fault 

planes would be difficult to accomplish. 

CKM:am 

Attch. 

Yours very truly, 

C. K. MOSS 

cc: ~V. L. Kurtz, w/enc. 

/J. D. Sell 

R. J. Lacy " 

-2- 
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AS,q~CO 

J O H N  J. C O L L I N S  

DIRECTOR OF EXPLORATION 

AIRMAIL 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

EXPLORATION D E P A R T M E N T  

120 BROADWAY, NF:W YORK, N.Y. 10005 

'- 1974 

W . L .  vc. 

October 30, 1974 

© 

Mr. C. K. Moss 
Exploration Services Division 

Salt Lake Office 

Seismics 
Superior, Arizona 

Dear Mr. Moss: 

Acknowledging receipt of your letter of October 24, I must ask if 
Cooksley's plan would not result in averaging the effect of displacement 
on the Devil's Canyon Fault? This appears to be the case on the map of 
his previous work where he tries to connect contours across a fault. I 
would rather see a profile of his work rather than his horizontal inter- 
pretation. Please send it. Did he have any drill hole results ~o anchor 

his readings? 

In the absence of any basement drill hole data on our property east 
and south of Hole A-4, and not much to the northeast, I must ask if we 
would not be well served to have a seismic line on each side of the Devil's 
Canyon Fault and parallel to it ° This should indicate the real depths to ~ ~ uJ " 

basement, which Is our ob3ective on both sides, as well as the displaceme~t.~ 

Your proposed east-west profiles~ A. A',eastfromB. B' wouldH01e --then be more significant ~J %~Ji~,+.>. 
Probably we also need a p~ofile due A- . ~'~ ~'~ k" 

• In view of the above, I suppose Cooksiey's cost estimate Could go to g ~i~i~ 

$20,000 or more if we accept the successive stagesl Therefore ~. Kurtz ~ ~  'i~ 
can put $30,000 in his 1975 budget for seismic surveys. We are approaching 
the two million dollar mark on this project and need some more extensive 

several miles. # ~ knowledge of the Whitetail basin in these sqaare ao~ I~•~+~ 

very- truly yours , <~+~ .......... + ~ ;~%% ~'- 

c _y.- :" j 
.... J o h n  J .  ~ o l l i n s  

cc: WLKurtz / / 



A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

T U C S O N  AR.I Z O N A  

November 5,  1974 

© 

@ 

Mr. J. J. Collins 
Director of Exploration 
New York Office 

Seismics 
Superior East Project 
Arizona 

Dear Mr. Collins: 

In a letter of June 6, 1974 from Mr. Moss to you, I am quoted: "Mr. Kurtz 
feels that our drilling to date has fairly well established the general 
overall configuration of the Whitetail basin and general distribution of 
the rock types. He feels that additional seismic work would be more of a 
research project and not directly applicable to guiding further exploration 
at Superior East." 

In a letter of October 24, 1974 from Moss to you, Mr. Moss states: "My 
personal evaluation of Cooksley's capabilities in the area would limit his 
orobable cnntr|h.tinn tn thin ~mtermTnmt;nn nf rnmr~ ~cn~rt= ~ fh~ 

structural picture. I doubt that he would be able to identify slide blocks, 
or detail structural breaks. Resolution of features near fault planes 
would be difficult to accomplish." 

My conclusion of the recent dTscussions between Kurtz and Moss, Moss and 
Cooksley, Sell and Cooksley, and Sell and Kurtz is that additional seismic 
work at Superior East will not materially affect or change our exploration 
plans at Superior East. The Whitetail conglomerate, with its greatly 
varying composition and specific gravity, has not yet allowed a constant 
velocity to be assigned to it and therefore does not allow an accurate 
calculation of thickness. 

In my mind there is no justification of spending I0-20-30,000 dollars on 
seismic work at this time. The limits of the 0.5% to plus 1.0% native copper 
have to be defined and this can only be done by drilling. I believe the next 
exploration step is drilling a hole south of A-4. This could be a new hole 
3500' south of A-4 or deepening A-3 (7500' south of A-4). 

WLK:Ib 

Very truly yours, 

W. L. Kurtz 

cc: JHCourtright 
CKMoss I 
JDSell ~f 



E X P L I Z I R A T I O N  S E R V I C E S  D I V I S I O N  
3 4 2 2  s o u T ~  7 0 0  ~,r~sT 

SALT LAKE CITY. UTA/I 84119 

November 6, 1974 

Mr. John Collins 

New York Office 

SEISMICS 
SUPERIOR, ARIZONA 

Dear John: 

" 

%' ov " .... 

° " 

© 

This is in reply to your letter of October 30. 

Attached is Cooksley's cross-section interpretation for his 
seismic profile across section 4, which you requested. The Contour 
map, in plan view, which you commented upon in your letter, cer- 

tainly has to be considered only as Cooksley's idea of how the areal 
pre-mineral surface might fit his line of seismic information. 

For his work, he did not have drill information on which to 
anchor depth values, in answer to another question. 

Your concern that taking profiles across the faults would re- 

sult in an averaging effect for depth, I surmise, comes from your 
experience with refraction seismics. This effect is not a comparable 

concern in reflection work. Taking the profiles across the faults would 
on the other hand provide closer control on the location of the faults. 

CKlVi :am 

Enc. 

co:/ L. I<urtz, wo/enc. 

Yours very truly, 

C. K. MOSS 
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ASA~CO --k__/-- 

J O H N  J .  C O L L I N S  

DIRECTOR OF I~XPLORATION 

AIR MAIL 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

EXPLORATION DEPARTMENT 

120 BROADWAY, NEW YORK, N.Y. 10005 

Mr. C. K. Moss 
Exploration Services Division 
Salt Lake Office 

~:-CEIv6o 

S. W, U: S. £XPL OIV. 
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Novembe~ 20) 1974 
' i 

~D 

~9 

4~ 

Superior East, Arizona 

Seismics 

Dear Mr. Moss: 

On reading your memo of November 8 to me and Mr. Kurtz's letter of 

November 5 to me, I appreciate his comments but I see that there is a 

fundamental misunderstanding. 

I am the one who wants seismic profiles across our Superior East 
basin through probable or possible future drill sites but anchored to 

the facts of our existing drill holes. ~h~.~r~r~.~purpose i_s~_to, 
determine if Cooksley can indicat9 " the varying depths to basement. 

I n  a d d i t i o n  I u n d e r s t a n d  f r o m  p r e v i o u s  c o r r e s p o n d e n c e  t h a t  C o o k s l e y  
may  b e  a b l e  t o  d i s t i n g u i s h  d i f f e r e n t  K i n d s  o f  b a s e m e n t  r o c k s  w h i c h ,  i f  
t r u e ,  w o u l d  b e  s i g n i f i c a n t  i n  s p o t t i n g  h o l e s  f o r  a p o r p h y r y  c o p p e r -  I f  
he can recognize the top of the Whitetail, that would be helpful too, 

but not a prerequisite. 

Accordingly, please prepare and send me a formal request for an 
appropriation of funds to cover four east-west lines, but arrange with 

Cooksley that his contract would be two for sure and two more at our 
option. In our previous talks, I have proposed E-W lines through Holes 
A-7 (4 miles) and A-4 (4 miles). Kurtz's November 5 letter mentions two 

more drill sites, which would be the optional lines, amounting to about 

7 miles, total 15 miles. 

We have been considering the Superior East budget. These charges 

are to be included in it. 

Cooksley's contract will need a confidentiality clause. I will ask 

Mr. Desvaux to send you a form. 

I am going to Manila November 22, but will be back December i. Will 

your request be ready for the December 4 Advisory Committee meeting? 

// 
/Ver~-tru!y y,~r~', ~, 

• -. /$0hn J. '~ollins 

o 



A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

T U C S O N  A R I Z O N A  

© December II, 1974 

© 

Mr. T. C. Osborne 
ASARCO 
New York Office 

Seismics 
Superior East Project 
Pina] County, Arizona 

Enclosed are two reports by Cooksley, one dated June 1970 done for 
Continental Copper and one dated February 1972 done for Asarco. 

The two critical items are the selection of the "correct" velocity 
and the selection of the "correct" reflecting surfaces. An 
rnspection of Appendix C and Appendix B casts serious doubt on 
accurate selections (Moss, March 27, 1972, sums this subject up 
quite well). 

/zJ.  
W. • Kurtz J'/~ 

WLK: I b 
Encs. 

cc: JHCour t ryght 
JDSel I/" 
C KMos s 



A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

T U C S O N  AR I Z O N A  

November 27, 1974 

TO: W.L. Kurtz 

FROM: J. D. Sell 

Seismics 
Superior East Project 
Pinal County, Arizona 

Attached is a table showing the various depths to bedrock which 
J. W. Cooksley has submitted during various studies made on the 
Superior East Project area. 

Actual drill hole information has also been added,-and the difference 
between the seismic and drill hole information is provided; also, 
a note on the unit which occupies the depth of his reported seismic 
reflection. 

J 

The drill holes which have an indented number (such as A-2) show 
several different depths suggested by Cooksley, as the data has been 
refined or depth given to him for velocity comparison. As noted, a 
general decrease in actual error was appreciated as more Tnformation 
became available. 

Two basic questions still are unresolved: I) the velocity to be 
used in computations, and 2) is the event which is picked the true 
surface named? 

s D. Sel l  

JDS: Ib 
Attach. 



TABLE I.  Reflectin~ Surface Deoth Estimates of J. W. Cooksley Comoared to Actual Dr i l l  Hole Deoths. 

Depth to Too of Whitetail 
Hole Collar Below Sealevel 

Number Elevation Collar Elevation 

Indicated Seismic Depth 
Depth to Top of Bedrock to Reflecting Surface Difference Between 
Below Sealevel Be low Sealevel Seismic and Actual 
Collar Elevation Col]ar Elevation DDH Information 

A-I 4720 1527 +3193 1566 +3154 / 1520 +3200 (1) + 7' 

A-2 4340 2020 +2320 3920 + 420 / 3165 +1175 (1) + 755' 
A-2 (5) 3720 (5) + 620 (5) + 200' 

A-3 4125 1430 +2695 below 1949 below +2176 3125 +IO00 (2) ? 
A-3 (6) 4525 - 400 (6) 3125 +lO00 (2) +I400' (?) 

A-4 4100 2133 +1967 6484 -2384" 2700 +1400 (1) +3784' 
A-4 (2) 4130 - 300 (2) ~ +2084' 
A-4 (4) 5680 -1580 (4) + 804' 

A-6 4120 1475 +2645 below 1665 below +2455 No info. No Info. -- 
A-7 4210 2445 +1765 5610 -1400 - 2535 +1675 (i) +3075' 

M-IA 4500 2428 +2072 4998 - 498- 2400 +2100 (1) +2598' 
" M-IA (4) 4850 - 350 (4) + 148 ~ 

AI-I 4625 2250 +2375 3073 +1552 / 2625 +2000 (l) + 448' 
AOF-I 4240 1106 +3134 2939 +1301- 2340 +1900 (11 + 599' 

AOF-I (4) 3070 +I170 (4) 131' 

AOF-I (2) 2940 +1300 (2) I' 

DCA-IA 4760 2210 +2550 4669 + 911 No info, No info.(1) - -  
D~CA-2A 4780 1415 +3365 1452 +3328 j 1780 +3000 (1) - 328' 

DCA-3A 4640 2430 +2210 4454 + 186- 3140 +1500 (1) +1314' 
DCA-3A (3) ': ~" +ll40 (31 + 954~ ,~,~?~ .... 3500 

OF-IA 4420 below 2150 below +2270 below 2150 below +2270J~ 2520 +1900 (1) -- 
KC-I 3960 1010 +2950 2917 +I043 No info. No info. -- 
CE-I 4475 below 2850 below +I625 below 2850 below +1625 1675 +2800 (1) 

CE-I (2) 1375 +3100 (2) -- 

C-2 4480 below 1027 below +3453 below 2850 below +3453 1430 +3050 (]) 
C-2 (2) 1230 +3250 (2) -- 

Actual Unit Recordedby Seismic 

Just above top of Tw" in sl ide block of 
schist. 
Middle of  Tw. (755' above base.) 
Lower 1/4 of Tw. (200' above base.) 

?Middle of Tw (1400' above base)?? 
EST. to base of Tw. 
Upper I /4 of Tw. 
Middle of Tw. 
Lower I /4 of Tw. (Approx. depth given 
to JWC for  comparative purposes.) 

100' below top of Tw. 

Top of Tw. 
148' above base in Tw, (Depth supplied 
to JWC for comparative purposes.) 
Middle of Tw. 
Lower I/4 of Tw. 
131' below base of Tw. (Depth supplied 
to JWC for comparative purposes.) 
l '  below base of Tw. (Depth supplied 
to JWC for comparative purposes.) 

3~3' below base of Tw. (JWC had access 
to depth.) 
Middle of Tw. 
Lower I/3 of Tw. 

Depth to base o f  Tw unknown. 
Depth to base o f  Tw unknown. 
Hole information is questionable, but 
suggests up in Td. 
Hole information is questionable, but 
suggests up in Td. 
Up in Td unit. 
Up in Td unit. 

Notes: 
( l )  Re f lec t ing  surface taken from map o f  1970 submitted to Continental Bopper. JWC had access to depth data from holes 0F-1A and PeA-series. 
(2) Re f lec t ing  surface taken from map o f  1971 submitted to ~SARCO wi th  new data and i n t e r p r e t a t i o n .  JWB had access to data from holes M;IA, AOF-I, and A-4. 
(3) Verbal i n t e r p r e t a t i o n  by JWC on 4/15/74 p r i o r  to  deepening hole DCA-3A. 
(4) From JWC repor t  *'Bomoarison o f  Selsmlc E×plorat io~ Results w l th  Data on Three Deep D r i l l  Holes ~t, p. 8, to ASARBO dated Feb. 1972. JWC had data from M-IA, AOF-1, and A-4. 
(5) Verbal i n t e r p r e t a t i o n  by JWC on 2/7/72. (Hole A-2 had been comoleted to 4000' at th is  date.)  
(6) JDS projection to bedrock or 11/8/74 for hole A-3. 



TABLE ], Reflecting Surface Depth Estimates of  J. W. Cooksley Comeared to Actual Dr i l l  Hole Depths. 

Indicated Seismic Depth 
Depth to Top of Whitetail Depth to Top of Bedrock to Reflecting Surface Difference Between 

Hole Collar Below Sealeve] Below Sealevel Be low SealeveI Seismic and Actual 
~lumber Elevation Collar EIevat'on Collar Elevation Collar Elevation DDH nformation Actual Unit Recorded by Seismic 

A-] 4720 1527 +3193 1566 +3154 1520 +3200 (1) + 7' Just above top of Tw in slide block of 
schist. 

A-2 4340 2020 +2320 3920 • 420 3165 +1175 (1) + 755' Middle of Tw. (755' above base.) 
A-2 (5) 3720 (5) + 620 (5) + 200' Lower I/4 of Tw. (200' above base.) 

A-3 4125 1430 +2695 below 1949 below +2176 3125 +I000 (2) ? 
A-3 (6) 4525 - 400 (6) 3i25 +100O (2) +1400 (?) ?Middle of Tw (1400' above base)?? 

EST. to base of Tw. 
A-4 4100 2]33 +1967 6484 -2384 2700 +1400 (1) +3784' Upper I/4 of Tw. 

A-4 (2) 4130 - 300 (2) +2084' Middle of Tw. 
A-4 (4) 5680 -1580 (4) + 804' Lower I/4 of Tw. (Approx. depth g'ven 

to JWC for comparative purposes.) 
A-6 4120 1475 +2645 below 1665 below +2455 No info. No Info. -- -- 
A-7 4210 2445 +1765 5610 -1400 2535 +1675 (l) +3075' lO0' below top of Tw. 

M-IA 4500 2428 ~2072 4998 - 498 2400 +2100 (I) +2598' Top of Tw. 
M-IA (4) ,~,: 4850 - 350 (4) + 148' I48' above base in Tw. (Depth supplied 

to JWC for comparative purposes.) 
AI-l 4625 2250 +2375 3073 +1552 2625 +2000 (1) + 448' Middle of Tw. 

AOF-I 4240 II06 +3134 2939 +130l 2340 +1900 (I) + 599' Lower l/4 of Tw. 
AOF-I (4) 3070 +If70 (4) - 131' ]31' below base of Tw. (Depth supplied 

to JWC for comparative purposes.) 
AOF-I (2) 2940 +1300 (2) l' l' below base of Tw. (Depth supplied 

to JWC for comparative purposes.) 

DCA-IA 4760 2210 +2550 4669 + 91 No info. No info.(1) - -  
D~A-2A 4780 1415 +3365 1452 +3328 1780 +3000 (1) - 328' 328' below base of Tw. (JWC had access 

to depth.) 
DCA-3A 4640 2430 +2210 4454 + 186 3140 +1500 (1) +]3]4' Middle of Tw. 

DCA-3A (3) 3500 +If40 (3) + 954' Lower I/3 of Tw. 

OF-IA 4420 below 2150 below +2270 below 2150 below +2270 2520 +1900 (1) ~ Depth to base of Tw unknown. 
KC-i 3960 "010 +2950 2917 +1043 No info. No info. -- Depth to base of Tw unknown. 
CE-I 4475 below 2850 below +1625 below 2850 below +]625 1675 +2800 (]) -- Hole information is questionable, but 

suggests up in Td. 
CE-I (2) 1375 +3]00 (2) - -  Hole information is questionable, but 

suggests ue in Td. 
C-2 4480 below 1027 below +3453 below 2850 below +3453 1430 +3050 (I) -- Up in Td unit. 

C-2 (2) 1230 +3250 (2) ~ Up in Td unit. 

Notes: 
~}) Reflecting surface taken from map of 1970 submitted to Contlnenta~ Copper, JWC had access to deoth data from holes OF-IA and DCA-series. 
(2) Reflecting surface taken from map of I97] submitted to ASARCO with new data and intereretation, JWC had access to data from holes M-IA, AOF-], and A-4. 
(3) Verbal interpretation by JWC on 4/15/74 pr ior  to deepening hole DCA-3A. 
(4) From JWC report "Comparison of Seismic Exploration Results with Data on Three Deep Dr i l l  ~oles", e. 8, to ASARC0 dated Feb. ]972. JWC had data from M-IA, AOF-I, and A-4. 
(5) Verbal interpretation by JWC on 2/7/72. (Hole A-2 had been comnleted to 4000' at this date.) 
(6) JDS projection to bedrock on ]I/8/74 for hole A-3. 
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Figure 5 

Figs. 1 & 2. Shots L and M are seismic records obtained 
directly from the field recordings. The wavy lines, each 
one the reading of  an individual sensor, represent both re- 
fraction and reflection events. A well-defined event, such 
as the reflection event indicated by the arrows, appears as 
a wave o f  greater amplitude that is coincident from one 
sensor line to the next. The information obtained from 
such records primarily involves times, frequencies, and 
amplitudes o f  both refracted and reflected arrivals. 

| 



Lack of planar reflecting surfaces complicates 
seismic event interpretation. Simple, two-dimen- 
sional, planar reflection horizons are not normally 
encountered  in mining exploration problems. 
More typical are structural complexity, irregular 
intrusions, alteration or weathering of old ero- 
sional surfaces, and erratic deposition and erosion 
of Tertiary conglomerates and/or volcanic f lows-  
all of which can cause difficulties in interpreta- 
tion of events. These problems, of course, are not  
unique to seismic methods but are inherent in any 
mining exploration problem. They can be mini- 
mized by judicious iriterpretation of all available 
geologic information and geophysical data. Thus, 
attempting to relate a particular seismic disconti- 
nuity to a specific geologic feature is a matter of 
interpretation, and the identifications cannot be 
stated with certainty without directly correlatable 
geologic observations, such as drill logs preferably 
with downhole velocity data. Without such sup- 
porting observations, the seismic interpretations 
should be considered subject to revision in the 
light of more direct geologic control. 

Seismic exploration programs can be directed 
to measuring the thickness of post-mineral alluvial 
and volcanic deposits, delineating fault and fold 
structures, observing the dip of stratified rock 
units, detecting the presence of intrusives, and 
interpreting the presence of alteration and frac- 
turing. 

Figs. 6 & 7. The seismic profile of Fig. 5 is now converted 
to digitized form (Fig. 6). In Fig. 7, it has been taken a 
step further and subjected to thorough geologic interpre- 
tation and revision. It should be noted that a time-depth 
factor has been applied, giving fairly accurate depths to 
the discontinuities revealed in the seismic cross sections. 
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Fig. 8. The f'mal result is the geologic section or model 
derived from the seismic data. 

Design by Sue Angelon, Tucson, Arizona. 

DERIVATION OF SEISMIC SECTIONS 

The interpretation of  any geologic surface (seis- 
mic discontinuity) is based on the strength, con- 
figuration, and continuity of  seismic events as 
recorded on a seismograph during field shooting. 
The accompanying figures illustrate the develop- 
ment of  seismic data from raw field records to an 
end product  o f  meaningful geologic information. 
This sequence of  information was obtained from 
a typical seismic reflection survey. 

Identification of  a particular seismic event with 
the surface of  a particular geologic unit requires 
close cross correlation of  the event with the veloc- 
ity data. Further  identification and interpretation 
is conducted on the basis o f  depth sections that 
are derived from the time-section playbacks. 

The reliability of  seismic interpretation de- 
pends partly upon the homogeneity of  the rock 
units. Any heterogeneity,  particularly along the 
traverse direction, will affect both corrections and 
velocity analyses. In addition, errors in evaluating 
the average velocity will have a directly propor- 
tionate effect on the interpreted depth of  a par- 
ticular event. 

b 
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Figure 3 

Figs. 3 & 4. During field shooting, at the same time the 
sensors are recording the "paper records" just described, 
they are also producing magnetic tapes of the same rec- 
ords. The magnetic tapes are later computer processed to 
get the results shown here. As with the paper records, seis- 
mic information is depicted in time domain (in terms of 
the travel time of the seismic waves). These profiles are a 
single recording of events, seen through two frequency 
"windows": 10-100 cps and 25-55 cps. The 25-55 cps 
window shows the seismic discontinuities more dearly 
and more uniformly; hence these are used in constructing 
the geologic model. The 10-100 cps passband is used 
to detect frequency and amplitude irregularities. Such 
characteristics can be used to further interpret geologic 
features. 
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Fig. 5. The time template shown next is derived by trac- 
ing seismic events from the filtered seismic records, such 
as the RPL-1 profile of Fig. 3. 
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' .209 DOWNHOLE -- A-4 ~ ............ 
;SHOT NO. 5 209 DOWNHOLE -- A-4 ............ 209 DOWNHOLE -- A-4 ................. 

COLLAR OF HOLE at Sta. 550 feet SHOT NO. 6 -. SHOT NO. 7 -~ 

Total depth of hole = 6,900 +_ feet COLLAR OF HOLE at Sta. 550 feet ............. COLLAR OF HOLE at Sta. 550 feet ............... 

S e n s o r  No.  1 at  4 , 4 9 0  fee t  = 343 .0  ms Total dep th  --- 6 ,900  +. fee t  __ ............... Total depth  of ho le  = 6 , 9 0 0  !. fee t  .................... 
'o - . Sensor  No. 1 at 3 640 fee t  --- 2F{,1 ms S e n s o r  No .2  at  4 , 3 4 0  fee t  : 334 .5  ms _ S..n..or No 1 at 3 ,990  fee t  = 310 .0  ms ...... , . . . . . . . . . . . . . . . .  

In t e rva l  b e t w e e n  s e n s o r s :  Depth  = 150 fee t  ............ .... Senso r  No. 2 at 3 ,840  fee t  ," 301 .5  ms . . . .  ~[--[-[--i-i_ " Sensor  No. 2 at 3 ,490  fee t  : N.R. ms -_-~-~-,.~--_[ 
Time : 8 .5  ms __. " .... In te rva l  b e t w e e n  s e n s o r s :  I)~pth = 150 feet  .............. In terval  b e t w e e n  s e n s o r s  = 150 fee t  -- 
Ve loc i ty  = 17 ,600  fps  ................ Time = 8 .5  ms .................. SHOT POINT at Sta 400 fee t  ..................... 

. ~SHOT POINT at Sta .  400 fee t  - Ve loc i ty  = 17 ,600  fps [. . . . . :  .i-.- Depth of S .P .  : 8 fee t  ................... ........................ 
' Depth  of S .P .  ---. 8 fee t  _ j  . . . . . . . .  SHOT POINT at Sta .  400 feet  . . . . . . . . .  Charge  s i z e  ~- s t i c k s  of 607 . . . . . . . . . . . . . . . . .  

Cha rge  s i z e  = s t i c k s  of 60% ,il.)hPtr,i(.,~fstSeP...:. ~ tiecfse,.f 60o/" ~.~____ii i..i_! " i I ....i ] _ i ~ ~  ~ ~ ! t :  ~ : I ~  
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